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ABSTRACT
Lipid studies were conducted on cells of Leptospira 
canicola, L. pomona and L. icterohaemorrhagiae grown in 
albumin-Tween 80 medium and Stuart's medium which was 
sterilized by either filtration or chemical-treatment. The 
fatty acids of these cells were characterized and compared 
after 7-9 days of growth? the effects of age on fatty acid 
composition were determined in L. canicola which was culti­
vated for periods of 7-9 and 18 days in albumin-Tween 80 
medium., Classes of lipids in the extracts of leptospiral 
cells were separated and tentatively identified by thin-layer 
chromatography. Total extractable lipid was determined 
gravimetrically.
Phospholipids, sterols, free fatty acids, triglycerides 
and sterol esters were demonstrated in the leptospirae grown 
in the three media. Smaller quantities of the sterol frac-
t
tion were found in organisms propagated in albumin-Tween 80
i
medium than those grown in Stuart's medium. The phospho­
lipids were observed to be the most abundant fraction of the 
total lipids in each organism.
Fatty acids tentatively identified in the three sero­
types of Leptospira grown in- any of the three media included 
a homologous series of saturated acids from C 12:0 to C 18:0 
and C 14:1, C 16:1, C 16:2, C 18:1, C 18:2 and C 18:3.
xii
Arachidic acid was found in all organisms in each medium with 
the exception of L. canicola cultivated in chemically- 
sterilized Stuart's medium. Other fatty acids which were 
observed in at least one serotype included C 20:1, C 20:4,
C 22:0, C 22:1, C 24:0 and C 24:1. As many as 17 unidentified 
acids were also detected. The fatty acids which constituted 
a major portion of the total composition of the leptospirae 
were C 16:0, C 16:1, C 16:2, C 18:0, C 18:1 and C 18:2. These 
six acids accounted for an average of 80-92% of the total 
fatty acid composition of the three organisms grown in the 
various media. Relative concentrations of the fatty acids in 
the total extract and lipid fractions of the three serotypes 
were markedly different. Differences were also noted in the 
relative fatty acid composition of L. canicola grown in 
albumin-Tween 80 medium for different periods of time.
The fatty acid composition of the total extract and lipid
fractions of each organism was significantly affected by the
medium used for propagation. A striking difference was
observed with Stuart's medium in which harvested cells contained
approximately 12 times more C 18:2 than when cultivated in
albumin-Tween 80 medium. Comparison of the major fatty acids
of L. canicola and uninoculated media revealed that the rela-
* *
tive concentrations in the organism were strongly influenced 
by those of the media. Results of analyses of media before
xiii
and after growth of L. canicola for 18 days strongly suggested 
that the organism preferentially utilized certain fatty acids 
of the various lipid classes.
The percent lipid composition of the three serotypes 
of Leptospira grown for 7-9 days in Stuart's and albumin-Tween 
80 media ranged from 13.6% to 26.3%. The lipid content of 
L. canicola decreased with an increase in age of culture.
xiv
CHAPTER I
INTRODUCTION
Leptospirae are finely coiled, aerobic members of the 
order Spirochaetales which have an average length of 5-7 
microns and an average spiral width of 0.2-0,25 microns. The 
ends of leptospiral cells are tapered and characteristically 
form semicircular hooks. These organisms are worldwide in 
distribution and occur as either aquatic saprophytes or as 
pathogens of man and animals. Pathogenic leptospirae are 
virtually indistinguishable on the bases of morphological, 
cultural and biochemical characteristics. Therefore, these 
organisms are classified into serogroups and serotypes on the 
basis of their serological properties.
Members of the genus Leptospira produce disease condi­
tions in mammals with manifestations ranging from slight 
hyperthermia and malaise to profound icterus and death. The 
principal reservoir host of leptospirae are wild rodents and 
domestic animals, particularly dogs, swine and cattle.
Affected animals are known to shed organisms in urine for 
periods up to three years. Transmission of leptospirae is 
known to occur readily among wild rodents and domestic 
animals. Leptospirosis is of economic importance in livestock 
both from the standpoint of mortality .and from the standpoint 
of losses incurred due to abortions and decreased weight gain 
and milk production.
2Leptospirosis in man is an occupational disease and human 
infections are considered incidental in the overall epidemi­
ology of the disease c.
From the time that pathogenic leptospirae were first 
grown on an artificial medium by Inada et al. (1916) it was 
believed that these organisms could be cultivated only in 
the presence of serum or some other naturally-formed body 
fluido More recently, semi-synthetic media containing albumin 
and fatty acids as the only organic constituents have been 
formulated for cultivation of leptospirae (Ellinghausen and 
McCullough, 1965a, 1965b)0 Chemically-defined media for 
cultivation of leptospirae have been described by Vogel and 
Hutner (1961) and Shenberg and Van Der Hoeden (1961) but these 
have been considered to be impractical because of poor cell 
yields (Ellinghausen and McCullough, 1965b) and alteration of 
antigenicity of the culture (Stahlheim, 1964)0
Although some information concerning inorganic cation, 
amino acid and fatty acid requirements of leptospirae is 
available, very little research has been conducted on the 
biochemical composition of these organisms* Immunochemical 
studies'on Leptospira icterohaemorrhagiae conducted by Hiatt
(1953) and confirmed by Schneider (1953> 1954) revealed the 
presence of a polysaccharide, predominantly pentosan in 
structure, which would fix complement in the presence of 
homologous and, to a lesser extent, heterologous antisera.
No information concerning protein or lipid composition of 
leptospirae is available at present.
3The purpose of this investigation was to characterize 
the lipids of three serotypes of Leptospira and to determine 
the effects of age and culture media on the lipid composition. 
The classes of lipids of these leptospirae and the kind and 
relative concentrations of fatty acids of each class were 
determined. It is hoped that the information obtained from 
this study will be beneficial to future nutritional and 
metabolic studies on members of the genus Leptospira.
CHAPTER II
SELECTED LITERATURE
I. GENERAL
Leptospirosis was first recognized as a separate disease 
entity in 1336 by Adolph Weil in Heidelberg, Germany. The 
disease was differentiated from other similar maladies purely 
on clinical signs and symptoms. In his report Weil (1336) 
was unable to demonstrate either pathological or microbiol­
ogical evidence that the clinical cases observed represented 
a separate syndrome.
The causative agent of the observed human leptospirosis, 
termed Weil*s disease, remained unknown until approximately 
23 years after recognition of the disease. In 1914> Inada 
et al. (1916) at the Imperial University of Kyushu, Japan were 
first to observe spirochetes in the liver tissue of a guinea 
pig injected with blood from a patient suffering from Weilfs 
disease. These workers also reported that the organism had 
been successfully cultured in a medium modified from that 
used by Noguchi (1912) for cultivation of other spirochetes. 
The name, Spirochaeta icterohaemorrhagiae was proposed for the 
causative agent of Weil's disease. Subsequently, this spiro­
chete was independently discovered by two groups of German 
scientists and was named Spirochaeta nodosa (Hubner and
4
5Reiter, 1915* 1916) and Spirochaeta icterogenes (Uhlenhuth and 
Fromme, 1915» 19l6a,b)o
A study of the spirochete, Spirochaeta icterohaemorrhagiae. 
of Inada (1916) and isolates from cases of Weil's disease in 
Flanders and from wild rats in the United States was made by 
Noguchi (1917# 191$a,b)0 This investigator found that the 
various isolates were identical in morphology and immunologic 
properties and that the only other organism that these re­
sembled was Spirochaeta biflexa isolated by Wolbach and Binger 
(1914) from a fresh-water pond in the United States. Noguchi 
stated that the isolates from Weil's disease and the wild 
rats were identical and that they were sufficiently related 
to Spirochaeta biflexa to place both organisms in a new genus, 
Leptospira, to be included in the order Spirochaetales.
Since the creation of the genus Leptospira in 1917 many 
new serotypes have been isolated throughout the world from a 
variety of hosts. The seventh edition of BergevTs Manual of 
Determinative Bacteriology (Breed et al., 1957) lists seven 
serogroups and 36 serotypes of pathogenic leptospirae. The 
Taxonomic Subcommittee on Leptospira. International Committee 
of Bacteriological Nomenclature (1962) recognised 91 patho­
genic serotypes o This subcommittee recommended that all 
pathogenic serotypes be placed in the species interiogans 
just as all saprophytic serotypes were placed in the species 
biflexa.
The history of the discoveries of the various serotypes 
is extensively reviewed by Alston and Broom (195&)* Therefore,
6the only other serotypes which will be considered here are 
Leptospira canicola and Leptospira pomona since this report 
is directly concerned with these organisms, Leptospira cani­
cola was first isolated from dogs in Holland in 1933 (Alston 
and Broom, 195#)° This serotype is known to produce disease 
in humans, dogs and cattle throughout the world and is the 
most frequent cause of canine leptospirosis, one of the 
three most important diseases of dogs in the United States, 
Leptospira pomona was first isolated from a human patient in 
North Queensland, Australia (Clayton et al., 1937)o This 
serotype produces disease in humans and all domestic animals 
and is of considerable economic importance to the cattle and 
swine industries in almost all countries of the world. Most 
human infections of L, pomona occur in persons closely asso­
ciated with cattle or swine.
Accurate descriptions of the morphology of leptospirae 
were made as early as 1914 by Wolbach and Binger. From their 
observations on living and osmium-fixed L. biflexa cells by 
bright- and dark-field microscopy these workers accurately 
described the morphology and characteristic motility of 
leptospirae. Early electron microscopic studies by Morton 
and Anderson (1943) on L, canicola and L. icterohaemorrhagiae 
confirmed the observations previously made by light microscopy. 
Subsequently, the leptospirae have been shown to be composed 
of a tubular protoplasmic cylinder (Babudieri, 1949; Simpson 
and White, 1961; Ritchie and Ellinghausen, 1965) and an axial 
filament or filaments lying external to the protoplasmic
7cylinder and terminating as knobs at the ends of the cell 
(Czechalowski and Eaves, 1955; Miller and Wilson, 1962;
Ritchie and Ellinghausen, 1 9 6 5 ) 0  The protoplasmic cylinder 
has been observed to be bounded by a three-layered cytoplasmic 
membrane and the axial filament and protoplasmic cylinder are 
surrounded by a similar three-layered sheath (Ritchie and 
Ellinghausen, 1 9 6 5 ) 0  The axial filament when observed on 
cross-section was shown to be composed of 1 2  to 1 5  smaller 
strands (Ritchie and Ellinghausen, 1 9 6 5 ) 0
Leptospiral infections are perpetuated by means of 
carrier animals which shed organisms in urine for periods of 
up to three years. Most serotypes of Leptospira may be 
transmitted by a number of reservoir hosts but some organisms 
are characteristically associated with particular hosts. 
Leptospira icterohaemorrhagiae is usually transmitted by rats; 
L. canicola. by dogs and L. pomona. by cattle and swine. In­
fections of leptospirae are transmitted to susceptible animals 
by contact with foodstuffs and, particularly, water contami­
nated with urine from carrier animals. Humans usually contract 
leptospirosis either by direct contact with urine and tissues 
of infected animals or by bathing in contaminated waters. 
Leptospirae are known to gain entrance to the body through 
intact mucous membranes and abraded skin and are believed to 
be capable of penetrating intact skin (Yager and Gochenour,
I960).
Clinical diagnosis of leptospiral.infections are extremely 
difficult during the first week or 1 0  days and must be made
almost entirely on clinical observations. A combination of 
icterus, neutrophilic granulocytosis, nephritis, muscular 
soreness, conjunctivitis and meningitis is strongly suggestive 
of a leptospiral infection (Yager and Gouchenour, I960). 
However, none of these signs and symptoms are universally 
present in all cases of leptospirosis with the exception of 
icterus which is usually observed in patients suffering from 
L. icterohaemorrhagiae infections. After the first 7-10 days 
of the infection, leptospirae may often be observed in urine 
and sometimes from blood of the patient by dark-field 
microscopy. At this time the organisms may be cultured either 
directly from the patientfs blood or by inoculation of the 
patient's urine into a susceptible laboratory animal with 
subsequent culture of the animalfs heart blood during the 
leptospiremic stage (Gouchenour, 1952).
Another important method of confirming clinical diagnosis 
of leptospiral infections is the demonstration of anti- 
leptospiral antibodies by serologic techniques. Antibodies 
directed against leptospirae are usually detectable in patients 
from 7-12 days after the onset of the disease by the micro- • 
scopic agglutination and complement-fixation tests. A rise 
in titer of antibodies against a particular serotype in 
samples taken several days apart is considered diagnostic for 
leptospirosis (Alston and Broom, 1958).
Leptospirae are markedly inhibited in vitro by specific 
antisera and various antibiotics, especially penicillin, 
streptomycin, chlortetracycline and oxytetracycline
(Alston and Broom, 1958)» These agents are relatively 
ineffective in treatment of patients with leptospiral infections 
unless administered during the first 3 or 4 days of the 
illness. Antibiotics and antisera are, therefore, considered 
to be more effective as prophylactic agents to be administered 
to individuals suspected of being exposed to leptospirae than 
as therapeutics for treatment of active infections. Therapy 
of patients infected with leptospirae has been reviewed by 
Smadel (1952) .
Active immunization of humans against leptospirae using 
various killed preparations has been attempted in several 
countries with little success (Alston and Broom, 1958).
Active immunization of domestic animals using heavy suspensions 
of killed leptospirae has proven to be very beneficial. In 
the United States routine' immunization of cattle against L. 
pomona and dogs against L. canicola and L. icterohaemorrhagiae 
is widely practiced.
II. NUTRITION OF LEPTOSPIRAE
Artificial Media - Leptospira icterohaemorrhagiae, the 
first pathogenic leptospire to be propagated in an artificial 
medium, was initially grown on an ascitic fluid-kidney medium 
(Inadaet al., 1916). From the time of primary cultivation in 
1916 until 1951 pathogenic leptospires were propagated only in 
media enriched with serum or some other naturally-formed body 
fluid. Fletcher (1928) recommended a medium of nutrient agar, 
distilled water and rabbit serum for cultivation of leptospirae.
10
Korthof (1932) formulated a medium containing peptone, salts, 
hemoglobin and rabbit serum which has been extensively used 
for propagation of leptospirae,, Chang (1947) modified 
KorthofTs medium by using tryptose instead of peptone and by 
adding liver extract. Stuart (1946) devised an excellent 
medium containing asparagine, glycine, phosphate buffer, 
rabbit serum and salts which is extensively used today and 
which was used in the studies to be reported herein. Morrow 
et alo (193S) and Davis (1939) grew L. icterohaemorrhagiae on 
the chorioallantoic membrane of embryonating chicken egg;s. 
Brede and Lempfrid (1951) reported that Korthog's medium was 
improved by substituting allantoic fluid from embryonating 
chicken eggs for rabbit serum.
All media described above for propagation of leptospirae 
have been either liquid or semisolid. Cox and Larson (1957) 
were able to grow leptospirae on the surface of a solid 
medium containing tryptose phosphate, agar and rabbit serum. 
It was^ stated that propagation of leptospirae on the surface 
of a solid medium would make them amenable to classical 
bacteriological studies.
The propagation of leptospirae in media containing serum 
and other body.fluids makes immunologic, nutritional and bio­
chemical studies difficult and causes problems in vaccine 
production. The first advance toward cultivation of lepto­
spirae in a serum-free medium was made by Schneiderman et al. 
(195l)o These workers determined that the growth-promoting 
action of serum was mainly due to the albumin fraction. It
11
was found that rabbit serum albumin precipitated with (NH^)^SO^ 
was nearly as effective as dialyzed rabbit serum. Johnson and 
Wilson (i960) confirmed the importance of the albumin fraction 
of rabbit serum in cultivation of leptospirae. These workers 
reported that rabbit serum albumin was the only fraction that 
would support growth independently<> The globulin and ultra­
filtrate fractions enhanced growth when added to albumin but 
would not support growth alone. Johnson and Wilson (I960) 
felt that the functions of albumin were to serve as a source 
of amino acids, to carry fatty acids in a non-toxic form and 
to serve as an adsorption agent. Johnson and Gray (1963a) 
were able to propagate ten serotypes of Leptospira through 
at least 5 serial transfers in an experimental medium contain­
ing extracted rabbit serum albumin, palmitic acid, NH Cl,
, 4
thiamine and phosphate buffer. Work on a serum-free medium 
was continued and advanced by Ellinghausen and McCullough 
(1965a) who successfully cultured 13 serotypes of leptospirae 
for 2 years in a medium composed of bovine albumin, commercial 
albumin-oleic complex and NH^Cl. These workers later devised 
a more economical medium composed of bovine albumin, poly- 
sorbate SO, buffer, NH^Cl, MgClg, NaCl, thiamine and vitamin 
B12 (Ellinghausen and McCullough 1965b). This medium was 
shown to support good growth of 14 serotypes through long 
periods of subculture without any diminution of growth or 
alteration of antigenicity. Baseman et al. (1965) recently 
reported the successful isolation and cultivation of saprophy­
tic leptospirae in a semisynthetic medium containing tryptose- 
phosphate, agar, Tween SO, vitamins and basal salts.
12
Growth of leptospirae on a chemically-defined medium has 
been reported by Shenberg and Van Der Hoeden (1961) and Vogel 
and Hutner (1961)® Shenberg and Van Der Hoeden (1961) re­
ported the continuous culture of the canicola and grippotyphosa 
serogroups but varying results with other serogroups. These 
authors failed to give the exact composition of their medium. 
Vogel and Hutner (1961) reported growth in a chemically- 
defined medium but cell yields were very low when compared to 
those obtained in other media® Ellinghausen and McCullough 
(1965a) stated that Vogel and Hutnerfs medium failed to 
support continuous subculture of L® pomona® Studies on 
leptospirae grown in a synthetic medium by Stahlheim (1964b) 
indicated that the organisms were altered antigenically.
j  .
Cultivation of leptospirae in synthetic media is limited at 
present because of the disadvantages listed above®
Nutritional requirement; Proteins. Peptones and Amino 
Acidso In studies on various sera for propagation of lepto­
spirae, Ellinghausen (I960) determined that.rabbit serum was 
superior to bovine, equine, porcine and ovine sera. Several 
different nitrogen sources have been added to media in 
addition to serum for cultivation of leptospirae (Korthof,
1932; Chang, 1947; Cox and Larson, 1957) <> Czekalowski et al.
(1954) and Yanagawa et al® (1961) have studied the growth- 
promoting properties of various American and foreign commercial 
nitrogen sources® It was determined that most of the 
commercial preparations stimulated growth of leptospirae and 
that high concentrations of peptone preparations were
13
definitely inhibitory,, Yanagawa et al„ (I960) were able to 
correlate the relative growth-promoting properties of the 
commercial preparations to the amino nitrogen content. The 
work of Green et alo (1950) indicated that the value of the 
commercial nitrogen sources in stimulation of leptospiral 
growth was due to the amino acids which were slowly released 
into the medium by spontaneous hydrolysis of these preparations.
Early studies conducted to demonstrate utilization of 
amino acids by leptospirae were conducted by Ono (193#)* Ward 
and Starbuck (1941)» Savino and Renella (1944) and Green 
(1945)o The general consensus among these workers was that 
asparagine was utilized but their findings on other amino 
acids were conflicting. Fulton and Spooner (1956) demonstra­
ted that the free amino acid content of sterile media 
composed of serum and other nitrogen sources increased during 
incubation due to the slow hydrolysis of protein. Since the 
early amino acid utilization studies were conducted in such 
media the results could have been complicated by such protein 
hydrolysiso Careful studies on amino acid utilization by 
Lo canicola. taking into consideration the hydrolysis of 
protein were conducted by Gerhardt and Ball (1956). These 
workers determined uhat this organism utilized glycine, 
lysine, tryptophan, arginine, aspartic acid, methionine, 
serine and phenylalanine. Studies on the effects of different 
amino acids on L„ pomona growing in a medium containing dia- 
lyzed rabbit serum and NH^Cl as the only nitrogen sources 
indicated that added aspartic acid, citrulline, cystine,
-cysteine, glutamic acid and glycine slightly stimulated growth 
whereas asparagine yielded abundant growth (Johnson and Gary,
196l)<, Stahlheim (1964) reported that the addition of 
aspartic acid, glutamic acid and methionine to a synthetic 
medium increased the rate and amount of growth of L« canicola. 
When various radioactive amino acids were employed, Johnson 
and Rogers (1964) found that they were incorporated into 
proteins and other cellular components with the exception 
of asparagineo The authors stated that the marked stimula­
tory effect of asparagine was determined to be due to its 
amine contect which was released by the asparaginase present 
in rabbit serum*
Fatty acids * The effect of fatty acids on the respira­
tion of leptospirae was first studied by Helprin and Hiatt 
(1957)o These workers found that fatty acids markedly 
stimulated growth of L. icterohaemorrhagiae in an albumin 
medium and that the amount of stimulation was dependent on 
the length of the carbon chain. Woratz (1957) was able to 
propagate L® canicola through several serial passages by the 
addition of palmitic, stearic and oleic acids to a gelatin 
medium but not by the addition of short-chain fatty acids. 
Vaneseltine and Staples (1961) reported that oleic acid was 
a necessary factor for the growth of L. pomona on an extracted 
serum medium® Various esterified fatty acids have been found 
to promote growth of leptospirae in a chemically-defined 
medium (Vogel and Hutner, 1961).
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In more recent studies Johnson and Gary (1963) assayed 
the growth-promoting activity of various fatty acids on 
leptospiraeo It was determined that in the absence of albumin 
many fatty acids inhibited growth and that each molecule of 
albumin could bind and detoxify up to six molecules of fatty 
acidso Palmitic, heptadecanoic, stearic and oleic acids 
were found to give maximal growth of all fatty acids tested 
when added to extracted albumin medium. The growth-promoting 
properties of fatty acids decreased progressively as the 
carbon chain length decreased below or increased above l£.
A combination of palmitic, stearic and oleic acids produced 
no better growth than the individual fatty acids and fatty 
acids of odd numbers of carbons were as effective as those 
containing even numbers0 The presence of a double bond in 
a fatty acid did not alter the amount of growth produced but 
decreased the time required for maximal growth by 10 days.
A study of the utilization of radioactive-labelled palmitic 
acid indicated that leptospirae utilize fatty acids for both 
energy and as carbon sources.
Carbohydrates. In early studies on L* icterohaemorrhagiae 
Chang (1947) observed that this organism was incapable of 
utilizing glucose, galactose, raannitol or fructose. Marshall 
(195#) observed that oxygen uptake by leptospirae was not 
stimulated by any carbohydrate tested. Johnson and Gary (1963) 
reported that glycerol supported a limited amount of growth 
of Lo pomona in the absence of fatty acids.
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Vitamins. Schneiderman et al. (1963) reported that thia­
mine was the only vitamin required for growth of L. canicola. 
Johnson and Gary (1962a,b) studied the growth-promoting 
activity of several vitamins on L. pomona in dialyzed rabbit 
serum medium and found that this organism required thiamine 
as the only vitamin. In studies of several strains of L. 
biflexa in a serum-free medium, Barbudieri and Zardi (1959) 
were able to show an absolute requirement for vitamin B ^ .  
Stahlheim (1964a) determined that biotin and vitamin B-^ were 
necessary for growth of L. canicola in a synthetic medium at 
37 C. In addition, pyridoxine, pantothenic, lipoic and 
nicotinic acids possessed growth-promoting properties which 
were additive when the organism was grown at 37 C but not at 
30 C. Ellinghausen and McCullough (1965a) reported that 
L. pomona has an absolute requirement for vitamin These
authors stated that some workers could not demonstrate this 
requirement because rabbit.serum proteins employed in the 
culture media are unusually high in vitamin Furthermore,
leptospirae have the ability to store this vitamin and serial 
subculture in vitamin-free medium was necessary to show this 
requirement.
Minerals. The minerals required for growth of pathogenic 
leptospirae have not been adequately characterized. Savino 
and Rennella (1942a,b) reported that NaCl, MgSO^ and CaClg 
enhanced the growth of L. icterohaemorrhagiae and that Fe,
Cu, Zn, Mn and Co did not affect growth. Iron was shown to
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be required for growth of leptospirae by Faine (1959)- Vogel 
and Hutner (1961) in studies conducted on L. canicola growing 
in a synthetic medium demonstrated that Fe was an absolute 
requirement and that Co, Cu, Mn and Zn augmented growth when 
added individually. Johnson and Gary (1963a) reported that 
L. pomona would not grow in the absence of calcium and mag­
nesium ions. It was also reported that potassium ions 
enhanced growth of this organism but were not an absolute 
requirement. A deficiency of calcium ions caused an increased 
lag period in L. pomona, whereas a deficiency of magnesium 
ions produced a decrease in growth and interfered with cell 
division. Cells propagated in a medium deficient in 
magnesium ions were filamentous and from 5 to 20 times the 
length of normal cells. Stahlheim (1964) reported that cal­
cium ions could be replaced by barium and strontium ions in 
a synthetic medium for cultivation of L. canicola.
Ill. METABOLISM
Conditions for growth. In the first study conducted on 
leptospirae growing in an artificial medium, Inada et al. (1916) 
reported that L. icterohaemorrhagiae grew best at 22-25 C.
Chang (1947b) determined that the optimum temperature for pro­
pagation of this^organism was 25-30 C. In a more recent
investigation Ellihghausen (I960) determined that the optimum 
temperature range for maximum growth rate and cell yield of
L. pomona was from 2#.5-29*5 C. Temperatures from 32-37 C 
resulted in faster initial growth but were progressively de­
trimental to cell division when maintained for extended periods.
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Leptospira icterohaemorrhagiae was determined to have a 
generation time of 24-4# hours when grown in tryptose-liver 
extract medium and 56-6g hours when grown in Korthof’s medium 
at 25 C (Fulton and Spooner, 1956). Faine (1957) estimated the 
in vivo generation time of L.. icterohaemorrhagiae in guinea 
pigs to be 5o6-1106 hrs.
Leptospirae were first cultured in the presence of oxygen 
and were considered to be aerobic by Inada et al* (1916).
Dinger (1932) reported that leptospirae were microaerophilic 
based on the fact that these organisms grew in a narrow zone 
a few millimeters below the surface when cultivated in a semi­
solid medium* Czekalowski et al. (1953) observed the same 
phenomenon and also considered leptospirae to be microaerophilic. 
The demonstration of cytochrome C (Fulton and Spooner, 1956) 
and catalase (Faine, I960; Rao et al., 1964) in leptospirae 
serves as additional evidence that these organisms are 
aerobic. Yanagawa et al. (1963a) reported that pathogenic 
leptospirae would not grow in the absence of carbon dioxide 
and that concentrations of 5$ or greater were inhibitory.
These authors indicated that the optimal concentration of 
carbon dioxide for propagation of 34 pathogenic serotypes 
ranged from 0.03$ to 1$. Yanagawa et al. (1963b) reported 
that most saprophytic leptospirae would grow in absence of 
carbon dioxide and that this characteristic could be used 
for partial classification of leptospirae.
A pH of 7°4 was determined to be optimal for cultivation 
of leptospirae (Chang, 1947b; Frunder, 1952). Ellinghausen
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(I960) confirmed this observation and determined that growth 
was progressively inhibited as the pH was lowered below 6o7 
or raised above 7<>4° Leptospirae have been observed to pro­
duce little change in the pH of the medium during growth 
(Fulton and Spooner, 1956; Ellinghausen, 1960)0
Enzymes 0 In studies on the metabolism of Lo icterohae­
morrhagiae Fulton and Spooner (1956) were able to demonstrate 
the presence of a cytochrome enzyme system by spectroscopy 
and respiration inhibition techniqueso Recent investigations 
have established the presence of several enzyme systems in 
leptospirae includings oxidase (Faine, 1959b; Goldberg and 
Armstrong, 1959)» catalase (Faine, I960; Rao et al«, 1964)> 
transaminase (Markovetz and Larson, 1959) and lipase (Kemenes 
and Lovrekovich, 1959; Parnas et al», I960; Patel et al0.
1964)0 Attempts to demonstrate proteolytic activity in 
leptospirae by Fulton and Spooner (1956) and Ellinghausen 
and McCullough (1965a) were unsuccessful..
In view of the fact that this report is concerned with 
the lipids of leptospirae, a recent investigation on the 
lipase activity of these organisms will be discussed., Patel 
et alo (1964) made an extensive study of the extracellular 
lipase of leptospiraeo These workers observed that saprophytic 
serotypes produced less lipase than pathogenic serotypes and 
that virulent strains of the latter exhibited more lipase 
activity than the corresponding avirulent strainso The 
enzyme was found to be most active against tributyrin.
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Activity against other triglycerides and esters was observed 
to decrease as the carbon chain lengths of the esterfied 
fatty acids increased., The rate of hydrolysis of simple 
esters was very low.,
Hemolysinso The only toxin which leptospirae have been 
observed to produce is hemolysin., Russel (1956) and Alexander 
et alo (1956) demonstrated that some isolates of leptospirae 
liberated a thermolabile hemolysin into the culture medium 
which produced lysis of bovine, caprine and ovine erythrocytes. 
Quantitative studies on the hemolysin produced by 19 isolates 
of Lo pomona (Valentine et alo, 1964) confirmed the findings 
of earlier investigators and revealed that there was con­
siderable hemolytic activity associated with the washed cellso 
Results of partial purification and characterization proce­
dures conducted on the hemolysin released into the medium and 
that associated with the cells indicated that the hemolysins 
were the sameo Studies on leptospiral hemolysin by Rogols 
et alo (1959) led these workers to postulate that the 
hemolysin might be a phospholipase with an activity resembling 
that of the alpha toxin of Clostridium welchiio
Metabolic differences between saprophytic and pathogenic 
leptospiraeo Several methods for differentiation of patho­
genic from saprophytic leptospirae other than by innoculation 
of laboratory animals have been developed» Early investiga­
tions on saprophytic leptospirae by Hindle (1925) and Walker 
(1927) demonstrated that these organisms could be cultivated
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on feces medium whereas pathogenic serotypes could not. Fuzi 
and Csoka (i960) reported that pathogenic leptospirae were 
inhibited by the addition of 10 ppm of CuSO^ to the culture 
medium but saprophytes grew readily. These investigators 
also found that saprophytic strains have greater oxidase 
activity (1961b) and decompose egg yolk more rapidly than do 
the pathogens (1961a). Yanagawa et al. (1963) reported that 
saprophytic leptospirae would form colonies on solid medium 
in the absence of carbon dioxide whereas pathogens required 
this gas for colonial growth. Recent studies on purine and 
pyrimidine utilization by Johnson and Rogers (1964b) revealed 
that leptospirae could utilize purines but not pyrimidines. 
Investigation into the effects of purine and pyrimidine 
analogues indicated that pyrimidine analogues had no effect 
on leptospirae; purine analogues markedly inhibited the 
growth of pathogenic serotypes but had no effect on saprophytes. 
Johnson and Rogers (1964b) were able to devise a technique 
for separation of pathogenic from saprophytic leptospirae 
based on growth in the presence of S-azaguanine. These 
investigators (1964a) also devised a method for primary 
isolation of pathogenic leptospirae from urine and tissues 
contaminated with other organisms utilizing 5-fluorouracil 
in the culture medium.
IV. BIOCHEMICAL COMPOSITION
A survey of the literature on chemical composition of 
leptospirae has provided a limited number of reports. The
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complex media required for cultivation, the low yield of 
cells, and the potential hazards involved in cultivation of 
leptospirae account, at least in part, for the scanty infor­
mation available on the chemical composition of these 
organismso Hiatt (1953) fractionated L. icterohaemorrhagiae 
cells and studied a soluble polysaccharide fraction which 
fixed complement in the presence of homologous and hetero­
logous antisera. Studies by Schneider (1953) confirmed the 
presence of the polysaccharide reported by Hiatt. Chromato­
graphic analyses of this polysaccharide revealed the presence 
of raethylpentose, arabinose, xylose, rhamnose and glucosamine. 
Spectral analysis indicated that other serotypes had similar 
or identical monosaccharide residues in the polysaccharide 
fraction. In a more recent investigation Ginger (1963) 
characterized the muramic acid isolated from L. biflexa and 
Faine (1965) reported that L. icterohaemorrhagiae possessed 
a rigid cell which contained glucosamine and muramic acid.
A comparison of the chemical compositions of L. biflexa, 
Treponema pallidum and the Reiter treponeme was made by 
Siefert (195#)o This investigator reported that these 
organisms had very similar chemical compositions. The approxi­
mate chemical composition reported on a dry weight basis for 
the three spirochetes is as followss lipid, 20$; protein,
70$; deoxyribonucleic acid (DNA), 2-3$; ribonucleic acid (RNA), 
6$. The author noted that the 2 si ratio of RNA to DNA is 
similar to that of other bacteria.
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The lipids of L. canicola grown in a chemically-defined 
medium containing polysorbate 30 were studied by Allison and 
Stahlheim (1964)0 This organism contained 16$ lipid, approxi­
mately 50$ of which was phospholipid,. The major fatty acids 
were determined by gas-liquid chromatography to be octade- 
cenoic (47$), hexadecanoic (19$) and an unidentified unsaturated 
fatty acid (9$) with a retention time slightly greater than 
pentadecanoic acid. Other fatty acids reported in decreasing 
order of relative concentrations weres a saturated acid 
which had the same retention time as a branched-chain C 17, 
hexadecenoic, octadecadienoic, tetradecenoic, an unsaturated 
acid with a retention time slightly greater than dodecanoic, 
octadecanoic, octanoic, tetradecanoic and several other uni­
dentified acids. Cyclopropane fatty acids were not detected.
In studies of the lipids of Borrelia duttoni, L. biflexa 
and trypanosomes, Williamson and Ginger (1965) reported that 
the phospholipids of Lo biflexa were very similar to those of 
Escherichia colio In addition, these investigators reported 
the presence of free cholesterol in L. biflexa and Borrelia 
duttonio
Vo LIPIDS OF OTHER BACTERIA
Since the information available on the lipid composition 
of members of the genus Leptospira is very limited, a review 
of the lipids of other bacteria will be presented. The 
tremendous numbers of reports published on the lipids of 
various bacteria necessitates that this review be conducted
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in a general and selective manner. It is hoped that this 
information will serve to correlate, at least in part, the 
findings to be reported in this dissertation.
In a review of the fatty acids of bacteria O’Leary (1962) 
emphasized the fact that fatty acid composition of bacteria 
is dependent both qualitatively and quantitatively on the 
type of medium and the environmental conditions under which 
the cells are grown*, The nutritional and environmental 
factors which have been reported by various authors to in­
fluence the lipids of bacteria include the followings 
relative proportions and types of carbohydrates, lipids and 
nitrogenous materials in the medium; oxygen availability; 
pH; temperature and age of culture (Porter, 1946; Cmelik,
1954; Asselineau and Lederer, I960; Kates et al., 1961; Bishop 
and Still, 1963)<> In his review, O ’Leary (1962) emphasizes 
the importance of propagating bacteria for lipid analyses in 
chemically-defined media under carefully controlled environ­
mental conditionso He further cautions that an organism 
grown in artificial media may have an entirely different lipid 
composition from the same organism growing in its natural 
environment .
A considerable portion of the total cellular lipids of 
bacteria are associated with carbohydrates and proteins and 
are not readily extractable with lipid solventso Since this 
report is concerned only with the extractable lipids of 
leptospirae, the bound lipids of bacteria are not reviewed.
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Classes of Lipids. The classes of extractable or free 
lipids of bacteria ares phospholipids, glycerides, free 
fatty acids, fatty acid polymers, waxes and rarely, sterols. 
Phospholipids are widespread in bacteria and may comprise up 
to &0fo of the extractable lipids (Gilby et al., 195#) o The 
phospholipids of bacteria exist as simple phosphatidic acids 
or as substituted phosphatidic acids containing carbohydrates, 
inositol, glycerol, ethanolamine and, occasionally, choline 
(Asselineau and Lederer, I960). Bacteria have been reported 
to contain mono-, di- and triglycerides in low concentrations 
(Porter, 1946) but this class of lipids is apparently absent 
in some organisms (Asselineau and Lederer, 1953 )<> The concen­
tration of free fatty acids in bacteria is considerably higher 
than those encountered in plants and animals; more than 20% of 
the fatty acids of many bacteria occur unesterified (Asselineau 
and Lederer, I960). High molecular weight polymers of beta- 
hydroxybutyric acid have been demonstrated in several organisms 
including Azotobacter. Pseudomonas (Forsyth et al., 195#) and 
Bacillus (Lemoigne et al., 1944)# Waxes are rarely found in 
bacteria: arid occur almost exclusively in the genera Corvne- 
bacterium and Mycobacterium (Asselineau and Lederer, I960).
The only bacterium that has been demonstrated beyond doubt to 
contain sterol is Asotobacter chroococcum (sifferd and 
Anderson, 1936). Williamson and Ginger (1965) recently 
reported the presence of free cholesterol in Borrelia duttoni 
and L. biflexa. a cholesterol ester in Microccocus lvsodeikti- 
cus and an ergosterol ester in Escherichia coli.
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Fatty Acids. The spectrum of fatty acids found in 
bacteria is unique in that it includes branched chain, hydroxy, 
branched chain hydroxy and cyclopropane fatty acids. The 
saturated fatty acids commonly found in greatest concentrations 
in bacteria are lauric, myristic, palmitic and stearic.
Saturated even-numbered fatty acids including arachidic, 
behenic, and lignoceric are rare in bacteria but have been 
reported in a few species (Crowder and Anderson, 1932; Porter, 
1946)o The only organism shown to contain octacosanoic is 
Corvnebacterium diphtherias (Asano and Takahachi, 1945)* Odd- 
numbered saturated fatty acids reported in bacteria include:
C 15 and C 17 in Pseudomonas aeruginosa (James and Martin,
1956), C 13, C 15 and C 17 in Vibrio cholera (Astvatsatur’yan, 
1964) and C 15» C 17 and C 19 in Brucella abortus (Wobe et; al., 
1954)o Short chain fatty acids from acetic to capric are 
usually encountered in most bacteria but are usually found in 
minute quantities.
The unsaturated fatty acids particularly hexadecenoic 
and octadecenoic, constitute a large portion of the total 
fatty acid composition of bacteria. Octadecenoic acid in 
bacteria has been determined to be largely cis-vaccenic 
(cis-ll-octadecenoic) (Hofmann and Sax, 1953; Hofmann and 
Tausig, 1955b) but- oleic (cis-9-octadecenoic) has been found 
in small quantities in Streptococcus sp and Mycobacterium 
tuberculosis (Hofmann and Tausig, 1955a; Cason and Tavs,
1959)o The hexadecenoic acids present in bacteria are palmi- 
toleic (cis-9-hexadecenoic) and palmitvaccenic (cis-11- 
hexadecenoic) (Hofmann and Tausig, 1955a). Unsaturated fatty
27
acids of fewer than 16 carton atoms are uncommon in bacteria, 
Asano and Takahashi (1945) observed a tetradecenoic acid in 
Corvnebacterium diphtheriae and unidentified unsaturated 
acids of 10 and 12 carbon atoms in Brucella suis were reported 
by Gubarev et alo (1959)* Unsaturated fatty acids of chain 
lengths greater than C IB are very rare in bacteria but 
corynebacteria have been shown to contain fatty acids with 
even-numbered chain lengths from C 20 to C 2B (0fLeary, 1962)0 
Some species of bacteria contain branched-chain fatty 
acids in considerable quantities, Hausmann and Craig (1954) 
found that Bacillus polvmvxa synthesized isooctanoic acid as 
a component of the polymyxin antibiotics, Isopentanoic and 
isoheptanoic acids were reported in Bacillus natto and 
Bacillus subtilis (Satio, 1960a,b), The latter organism was 
also shown to contain anteisopentanoic and heptanoic acids 
(Kaneda, 1963)0 In studies on the fatty acids of Sarcina 
lutea, Huston and Albro (1964) and Huston et al, (1965) re­
ported finding iso- and anteiso-fatty acids of chain lengths 
of 13, 14, 15, 17, IB, 20, and 22 carbon atoms.
Several hydroxy fatty acids have been isolated from 
bacteria in addition to beta-hydroxybutyric acid discussed 
above. The hydroxy fatty acids of bacteria are usually even- 
numbered saturated acids with the hydroxyl group attached to 
the beta carbon atom. Law (1961) demonstrated the presence 
of beta-hydroxymyristic acids in E, coli. Members of the 
genus Pseudomonas contain beta-hydroxyoctanoic, beta- 
hydroxydecanoic and beta-hydroxydodecanoic acids (Bergstrom 
et al,, 1946)0 Crowder and Anderson (1934) reported that
2B
dihydroxystearic acid was present in Lactobacillus acidophi­
lus Q
A comprehensive review of the higher fatty acids of Mo 
tuberculosis and Co diphtheriae was presented by Asselineau 
and Lederer (1960)» Several high-molecular weight saturated 
and unsaturated fatty acids containing hydroxyl groups and 
multiple branches have been demonstrated in these two 
organisms»
The cyclopropane fatty acid, cis-11, 12 methylene- 
octadecanoic, has been definitely identified in several 
species of Lactobacillus and Agrobacterium tumefaciens 
(Hoftaann et alo, 1955) and tentatively identified in E, coli 
(Law, 1961), Clostridium butvricum (Goldfine and Block, 1961) 
and Pasteurella pestis (Asselineau, 196l)o Methylene- 
hexadecanoic acids have been found in E, coli (Dduchy and 
Asselineau, I960), P, pestis (Asselineau, 1961) and others, 
Goldfine and Bloch (1961) have also reported evidence of the 
presence of C 13 and C 15 cyclopropane fatty acids in C0 
butyricumo
CHAPTER III
MATERIALS AND METHODS 
I. ORGANISMS
The organisms employed in this investigation were the 
pomona strain of Leptospira pomona pomona, the Hond Utrecht 
IV strain of Leptospira canicola and the M20 strain of Lep­
tospira icterohaemorrhagiae icterohaemorrhagiae* Cultures 
of these leptospirae were obtained from Dr„ Earl Eo Roth, 
Department of Veterinary Science, Louisiana State University,. 
The organisms have been maintained as laboratory cultures for 
several years by weekly transfers in Stuartrs rabbit serum 
medium,,
II. MEDIA
Leptospiral cells for lipid analyses were cultivated in 
three media; Stuartfs and albumin-Tween SO media sterilized 
by filtration and Stuart’s medium sterilized with beta- 
propiolactone (BPL)„ The latter medium was prepared by 
addition of BPL-treated rabbit serum to the autoclaved basal 
preparation,. Chemically-sterilized Stuart*s medium was con­
sidered different from filtered Stuart’s because it contained 
beta-hydroxpropionic acid, the breakdown product of BPL, and 
NaOH to neutralize this acid®
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Preparation. The rabbit serum medium of Stuart (1946) 
used for propagation of leptospirae in this study was prepared 
by adding 5 g glycerol and 3°4 g Difco Stuart dehydrated basal 
medium (Table I) to each 1000 ml of distilled water* To this 
preparation was added sufficient rabbit serum (Type I Hemolyzed, 
Pel-Freez Biologicals, Inc* Rogers, Arkansas) to yield a final 
concentration of 10$. The pH was adjusted to 7»4 and the 
medium was sterilized by filtration.
For preparation of the chemically-sterilized Stuart’s 
rabbit serum medium, 3 4  g of dehydrated basal medium, 5 g 
glycerol and 2 ml of 10$ (w/v) NaOH solution were added to 
each 1000 ml distilled water. Rabbit serum was added to form 
a final concentration of 10$ as described below.
The albumin-Tween (polysorbate) SO medium of Ellinghausen 
and McCullough (1965a,b) was prepared by the addition of 200 
ml of a 5$ aqueous solution of bovine serum albumin (Fr V 
Powder BV0262, Pentex Corp., Kankakee, 111.) to each #00 ml 
of basal medium formulated according to Table I. To this 
preparation was added sufficient Tween 60 (SCI560S, E. H. 
Sargent & Co., Chicago, 111.) to yield a final concentration 
of 0.12$. The complete medium was sterilized by filtration 
immediately after formulation. The basal medium was prepared 
from a series of stock solutions stored at 4 C.
Sterilization. Stuart’s medium employed in initial 
studies was sterilized by filtration through Selas procelain 
filter candles with a maximum pore radius of 0.60 mu.
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Table 1. Composition of basal media used in formulation of Stuart's 
rabbit serum medium and albumin-Tween 80 medium.
Reagent Stuart's 
g/l .
Albumin-Tween 80, 
g/l
NH^Cl 0.268 0.2140
MgCi2->6H2p 0.406 0.1524
NaCl 1.808 1.5400
NagHPO^ 0.666 0.6640
kh2po4 0.087 0.0870
CuSO^^HgO - 0.0003
ZnS0^“7H20 - 0.0040
FeS0^‘7H20 - 0.0500
L-Asparagine 0.132 -
L-Cystine - 0.2000
Vitamin B^2 - 0.0002
Thiamine HC1 - 0.0002
Phenol Red 0.010 -
!
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Assemblies used for this procedure were constructed as shown 
in Figure lo The complete assemblies were sterilized by 
autoclaving for 45 min at 121 C and 15 psi. Two liters of 
medium were filtered into each bottle by applying a vacuum to 
the distal end of the air filter. After filtration the vacuum 
tubing between the bottle and filters of each assembly was 
sealed by means of 2 screw clamps and the filters removed.
Subsequently, Stuartfs and albumin-Tween SO media were 
sterilized by double filtration through S-3 pads in a Seitz 
filter, model 200/6. The filter pads were washed prior to 
sterilization by forcing 10 liters of phosphate buffer, pH 
7.4» through the filter under a pressure of 2 psi. Four 4- 
liter Pyrex bottles were prepared as shown in Figure 1 with 
the exception that filter candles were not attached'. These 
bottles were connected to the outlet of the filter by means 
of 1/4-in latex tubing. The complete assembly was autoclaved 
for 1 hr at 121 C and 15 psi. Ten liters of medium were 
filtered under a pressure of 2-3 psi and distributed evenly 
among the 4 bottles. After completion of the filtration 
process the tubing to each bottle was sealed with 2 screw 
clamps and cut distal to the clamps.
For chemical sterilization of StuartTs medium, assemblies 
were prepared as shown in Figure 2. Two-liter quantities of 
the basal medium with added glycerol and NaOH as described 
previously were added to the 4-liter bottles. The assemblies 
were then sterilized by autoclaving for 30 min at 121 C and 
15 psi. After autoclaving, the screw clamp between the two
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Filter chimney
Porcelain filter 
candle
Diaphragm stopper
Vacuum tubing
tnrtrScrew clamps
4-Liter bottle
To vacuum pump
Bar magnet Cotton filled air filter
Figure 1. Assembly employed for filtration of Stuart*s medium.
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4--Liter bottle
Diaphragm stopper
Latex tubing
Air filter 
(cotton-filled)
•200-ml Aspira- 
tor flask
iroir
brew clamp
lar magnets
Figure 2. Assembly employed for chemical sterlization of Stuart’s media.
/
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flasks was tightened on each assembly,, To the 250-ml 
aspirator bottles were added 200 ml of rabbit serum and 1 ml 
of BPLo The contents of the aspirator bottles were stirred 
overnight on magnetic stirrers. The screw clamps were opened 
and the chemically-sterilized serum was allowed to flow into 
the 4-liter bottles.
Media for dispensing into tubes were prepared by filtra­
tion and. chemical sterilization as described with the ex­
ception that 4-liter aspirator bottles were used. Tubing 
bells were attached to the side arms of the aspirator bottles 
by means of l/4-in latex tubing. Immediately after sterili­
zation by filtration or BPL treatment the media were 
aseptically dispensed in 20-ml quantities into 20 x 125 mm 
sterile screw cap tubes.
All media were allowed to remain for 5-7 days at 25 C 
before inoculation to insure sterility.
III. PROPAGATION AND HARVESTING OF ORGANISMS
Cultures for inoculation into 4-liter bottles were 
incubated statistically at 30 C for 7-9 days in screw cap 
tubes containing the same medium as that to be inoculated.
The purity of these cultures was determined by microscopic 
observation of Giemsa stains and by dark-field microscopy of 
wet mounts prior to inoculation into bottles. A 2% inoculum 
from tubes was injected into each 4-liter bottle through the 
diaphragm stopper with the aid of a sterile 20-ml syringe 
attached to an lS-gauge, 3-inch hypodermic needle. The
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inoculated bottles were stirred vigorously by means of water- 
driven magnetic stirrers during the entire incubation period. 
Cultures were incubated at 30 C for 7-9 days or IS days 
depending on the particular study being conducted.
Cultures were killed by injecting sufficient formalin 
to yield a final concentration of 0.5$ and were allowed to 
stand for 4-6 hrs at ambient temperature before harvesting. 
Purity of cultures was determined as described previously. 
Organisms propagated during the early phases of this investi­
gation were harvested at 15»600 x .g in an electrically- 
driven Sharpies centrifuge. The number of cells remaining in 
the effluent was checked by dark-field microscopy and the 
flow rate was adjusted for maximal removal of cells from 
the medium. During the remainder of the investigation cells 
were harvested in a Sorvall RC-2 refrigerated centrifuge at
16.000 x g using a large volume rotor. Cells collected by 
either method were washed three times in 0o&5% NaCl solution 
and once in distilled water and were sedimented each time at
27.000 x £  in the Sorvall RC-2 centrifuge. Immediately after 
the washing procedure cells were frozen at -2$ C in plastic 
tubes. Average yields obtained in the three media were 0.1-
0.2 g wet weight of cells per liter of medium.
IV. EXTRACTION OF LIPIDS
Solvents employed for lipid extraction and treatment in 
this investigation were distilled prior to use with the 
exception of diethyl ether. Distillates of petroleum ether,
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chloroform, methanol and benzene were collected at 40 C, 6l- 
62 C, 64-65 C and SO C, respectively* Filtration during the 
extraction procedure was accomplished through 4 sheets of 
Whatman # 1 filter paper in a Millipore filter apparatus 
under vacuum* The filter paper was extracted by refluxing 
in chloroform for 6-S hrs in a Soxhlet apparatus* Dry 
methanol was prepared by distillation over CaO to half volume 
at 64-65 C for use in removal of water from samples and for 
transmethylation*
The method used for extraction of lipids from leptospiral 
cells was a modification of procedure 1 of Ways and Hanahan
(1964)0 Cells, in a minimal amount of water, were added to 
5 volumes of methanol at ambient temperature and the mixture 
was stirred vigorously for 30 min to insure breaking of 
clumpso Ten volumes of chloroform were added and the mixture 
stirred for 4 hrs» The extract was filtered and the cells 
were re-extracted twice* Filtrates from the three extractions 
were pooled and evaporated to dryness in a rotary vacuum 
evaporator at 37 C* Complete dryness was insured by adding 
50 ml of dry methanol and again evaporating to dryness* The 
dried material was extracted three times with aliquots of 
chloroform each equivalent to five times the volume of the 
original cell suspension. The three aliquots were pooled, 
filtered and evaporated to dryness and the final lipid residue 
was redissolved in a small volume of chloroform.
Lipids were extracted from fresh and spent media as 
described above beginning with 250 ml of medium in each case.
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V, THIN-LAYER CHROMATOGRAPHY
o
Glass plates (20 cm ) used in thin-layer chromatographic 
procedures were thoroughly cleansed with detergent and rinsed 
first with tap water and then with distilled water. Immediately 
before applying the stationary phase, the plates were scrubbed 
with disposable laboratory tissues moistened with methanol.
For preparation of plates 25 g of silica gel G were mixed 
with 60 ml of distilled water in a Servall Omni-Mixer for 15 
seco A 0.25 mm layer of the slurry was spread over the plates 
with aid of a Brinkman adjustable applicator. The plates were 
air-dried for approximately 30 min and activated and stored 
in a drying-oven at 120 C until used.
After the plates were allowed to cool to ambient tempera­
ture a vertical line was drawn on each plate one inch from the 
edge. A standard mixture containing phospholipid, cholesterol, 
oleic acid, triolein and cholesterol oleate in chloroform was 
spotted 2 cm from the bottom of the plate in the area between 
the line and the edge of the plate. A concentrated solution 
of lipid in chloroform was applied to the remainder of each 
plate in a narrow band 2 cm from the bottom using a 50 ul 
microliter syringe. Approximately 5 applications of a sample 
were made across each plate.
Developing tanks were prepared by lining one side with a 
20 x 20 cm sheet of filter paper and adding 250 ml of an 
£4“15sl (v/v/v) mixture of petroleum ether, diethyl ether and 
35 N formic acid, respectively. After allowing the solvents 
to equilibrate for 30 min. plates were placed in tanks and
i
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developed until the solvent fronts reached 1 cm from the top. 
The plates were dried by flushing with a stream of nitrogen 
gas in a chamber for 15 min. A 0.2$ solution of 2*, 7* dichlo- 
rofluorescein in 95$ ethanol was sprayed evenly over the 
entire surface of the plates which were subsequently observed 
under an ultraviolet light source. The lipid fractions were 
located, marked and identified by comparison to the standard 
spots. In initial studies, lipid fractions were scraped from 
the plates, placed in glass columns (10 mm O.D.) and eluted 
from the silica gel by forcing solvents through the columns 
under pressure. Petroleum ether was used for elution of 
free fatty acid, trighyceride and sterol ester fractions; a 
2:1 mixture of methanol and chloroform was used for elution 
of the phospholipids. During the latter part of the investi­
gation lipids were not eluted from the silica gel as above, 
but were scraped from the plates into 50-ml round-bottom 
flasks and esterified directly.
VI. ESTERIFICATION PROCEDURE
The method used for esterification of fatty acids for 
gas-liquid chromatography was the transmethylation procedure 
of Stoffel et aL (1959) as modified by Connellan and Masters
(1965)0 Lipid samples to be esterified were placed in 50-ml 
round-bottom flasks with a boiling chip. Ten ml of dry 
methanol were added and the samples evaporated to complete 
dryness at 37 Co Subsequently, 10 ml quantities of a 20:10:1 
(v/v/v) mixture of dry methanol, benzene and IS N sulfuric
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acid were added for each 1-10 mg of lipid to be esterified. 
Flasks were attached to Liebig condensers and placed in heating 
mantleso The contents were refluxed for 2 hrs at 90-100 C 
and subsequently cooled to ambient temperature» Three volumes 
of distilled water were added to each flask and the methyl 
esters were extracted inio ml of petroleum ether. The 
methyl esters in petroleum ether solution were washed three 
times with distilled water and then dried over Na2S0^„ Prior 
to injection into the gas chromatograph the methyl ester 
solutions were placed in conical centrifuge tubes and concen­
trated to a volume of approximately 50 ul by placing the 
tubes in a water-bath at 60 C and subjecting the solutions to 
a stream of nitrogen gas.
VII. GAS-LIQUID CHROMATOGRAPHY
Instruments. Fatty acid analyses were conducted in an 
F & M thermal conductivity detection gas chromatograph, Model 
500, in the early phases of this investigation. Columns used 
in this instrument were commercially-prepared columns (IS ft 
length x 1/4 in diameter) containing 20$ diethyleneglycol adi- 
pate and 2$ phosphoric acid on Chromosorb W (60-S0 mesh).
The injection port, column and detector block were maintained 
at 300 C, 220 C and 300 C, respectively. The rate of flow of 
helium through the column was 60 ml per minute.
In subsequent studies an F & M Model 700 gas chromato­
graph equipped with dual columns and flame-ionization detectors 
was employed.*... Columns used in this instrument were 10 ft x 1/4
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in diameter and contained 7*5$ polyethylenglycol adipate on 
acid washed Chromport (£0-100 mesh). The injection port, and 
detectors were maintained at 275 C, whereas the columns were 
heated to 1&0 C„ The rate of flow of helium through the columns 
was 60 ml per min. Hydrogen and air to the flames were main­
tained at 16 psi and 15 psi, respectively.
Preparation of columns. Polyethylene-glycol adipate (EGA) 
for use in columns for the Model 700 instrument was prepared 
according to the method of James (I960). Quantities of 146 g 
of adipic acid and 65.1 g of ethylene glycol were placed in a 
1000 ml round-bottom flask and heated to ISO C in a silicone 
oil bath. Twenth-five mg of p-toluene sulfonic acid were 
added and the preparation was maintained at this temperature 
for 3 hrs at atmospheric pressure and then for 2 hrs under 
vacuum. The EGA was then cooled and stored under vacuum in a 
desiccator.
When preparing the liquid phase for the columns, 46 g of 
Chromport (30-100 mesh) were added to 4 g of EGA dissolved in 
500 ml of chloroform. The chloroform was removed slowly in a 
rotary vacuum evaporator and the mixture dried in an oven at 
120 C for at least 2 hrs. Solvent-washed, stainless steel 
columns (10 ft x 1/4 in. diameter) were packed with the EGA- 
coated Chromport either by gravity and vibration in the case 
of straight columns or by vibration under vacuum in the case 
of coiled columns. Straight columns were wound into coils of 
9 inch diameter after packing. Before attachment to the
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detector, all columns were conditioned overnight at l£0-200 C 
with a helium flow rate of 60 ml per min.
The efficiency of a column was determined by chromato­
graphing a methyl ester standard containing palmitic acid and 
calculating according to the method described by James (I960).
Operation of Chromatograph. For conducting fatty acid 
analyses, 1-& ul and 10-50 ul of concentrated methyl ester 
solutions in petroleum ether were injected into the Model 700 
and Model 500 chromatographs, respectively. A standard con­
taining methyl esters of a homologous series of saturated 
fatty acids from C 11-C Id and tetradecenoic, palmitoleic, 
oleic and linoleic acids was chromatographed at least once 
daily. Qualitative N.I.H. standards of other fatty acids were 
run periodically to establish retention values. The accuracy 
of the chromatographs were periodically determined by chromato­
graphing a quantitative N.I.H. standard and comparing the 
observed area percent of each fatty acid to known values.
Identification and quantitation of fatty acids. Fatty 
acids were identified by comparison of observed retention 
values to those of the fatty acids in the qualitative standards. 
The area of the fatty acid peaks were determined by the tri­
angulation method described by James (i960). Peak dimensions 
were measured and the area percents were calculated either 
directly or by a 7040 IBM computer. For computer analysis a 
card was punched for each fatty acid appearing on a chromatogram. 
The card contained the following information: fatty acid
$JOB WATFOR 
C DR R. Jo HIDALGO 
C DEPT OF VETERINARY SCIENCE LSU 
C FATTY ACID COMPOSITION 9 FEB 66
DIMENSION HGT(lOO),HW(lOO),ATN(lOO),AREA(lOO)
DIMENSION PCA(lOO),LABEL(20),ID(3,100),IDA(3)
10 D01I=1,100 
HGT(I)=0.
HW(I)=0.
ATN(I)=0
AREA(I)=0.
PCA(I)=0.
1 CONTINUE 
J=0
K=0
SUMA=0.
13 READ2,IDA,HGTA,HWA,MLTA,LABEL
2 F0RMAT(3A2,5X,F6.2,5X,F6.2,5X,I5,2X,20A2)
IF(HGTA)9,4,3
4 IF(HGT(l))9,5,6
5 PRINT12,LABEL \
12 FORMAT(1H1,40X,20A2/)
G0T013
3 J=J+1 
D015I=1,3
15 ID(I,J)=IDA(I)
HGT(J)=HGTA
HW(J)=HWA'
ATN(J)=MLTA
AREA(J)=HGT(J)*HW(J)*ATN(J)
SUMA=ARE A (J )+SUMA 
G0T013
6 K=K+1 
PCA(K)=(AREA(K)*100.)/SUMA 
MTL=ATN(K)
PRINT7,K,(ID(I,K),1=1,3),HGT(K),HW(K),MTL,AREA(K),SUMA,PCA(K)
7 F0RMAT(1X,I2,2X,3A2,^X,F7.2,^X,F7.2,3X,I5,2X,
*Fl4.4,2X,Fl4.4,2X,F7.3)
IF(J-K)9,20,6 
9 PRINT14
14 F0RMAT(//lX21HY0U GOOFED,TRY AGAIN)
PAUSE 1
20 SPCA=0,
D021K=1,J
21 SPCA= SPCA+PCA(K)
PRINT22,SPCA
22 F0RMAT(75X,7H*******/74X,F8.3)
PRINT12,LABEL
G0T010
END
Figure 3. Program employed in 7040 IBM computer for calculation of 
relative area percent of fatty acids on gas-liquid 
chromatograms.
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identity, peak height, one-half the width of the peak base 
and the attenuation factor of the chromatograph. The program 
used in the computer is shown in Figure 3»
VIIIo GRAVIMETRIC PROCEDURE
For each gravimetric analysis 10 aluminum weighing pans 
were placed in a heated vacuum desiccator over Drierite and 
heated to 60 C for 1 hr. After cooling to room temperature 
pans were weighed on a Mettler Semi-Micro balance. This pro­
cedure was repeated 4 times and the tare of each pan was taken 
to be the average of the five weighings.
Quantities of 0,5-1.0 g of wet leptospiral cells were 
suspended in 50 ml of distilled water and thoroughly homo­
genized in a Potter-Elvehjem tissue homogenizer. The suspen­
sions were placed in 100-ml volumetric flasks and the volumes 
adjusted to 100 ml with distilled water, One-ml quantities
of this suspension were delivered to each of 5 tared pans by
means of a 1-ml volumetric pipette. The pans were dried at 
60 C in an oven, placed in the heated vacuum desiccator and 
tared as described above. The lipids were then extracted 
from the remaining 95 ml of the cell suspension as previously 
described. The dried lipid was resuspended in chloroform and 
the volume adjusted to 50 ml in a volumetric flask. Two ml of
the lipid solution were delivered to each of 5 tared pans with
a volumetric pipette. The solvent was evaporated by heating 
slowly up to 60 C and the pans were tared in the heated vacuum 
desiccator. The percent lipid in leptospiral cells was then cal­
culated by using observed weights and appropriate dilution factors.
CHAPTER IV
RESULTS AND DISCUSSION
I. INTRODUCTION
Knowledge concerning the nutrition and biochemical
composition of members of the genus Leptospira has been
limited because of the difficulties encountered in cultivation
and the low cell yields. The importance of lipids in the
metabolism of leptospirae was clearly demonstrated by the
finding that growth in the absence of fatty acids was
negligible (Johnson and Gary, 1963). Furthermore, these
organisms exhibit limited carbohydrate utilization (Marshall,
1958) and proteolytic activity (Ellinghausen and MoCullough
1965a)* In spite of these reports only two studies concerning
the lipid composition of leptospirae have been presented at
the time of this writing. Allison and Stahlheim (I96I4.)
have characterized the fatty acids of the total extract of
L^o oanicola grown on a chemioally-defined medium. In a more
recent report Williamson and Ginger (1965) demonstrated the
presence of unesterified cholesterol in L. biflexa.
Additional information concerning the classes of lipids
present in leptospirae or the fatty acid composition of
the classes was lacking. The primary objective of this
investigation was to determine the classes of lipids present
in leptospirae and to characterize- and compare the fatty
aoids of the total extracts-and lipid classes of three
serotypes. In addition, the effects of age and oulture media
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on the lipid composition of leptospirae were determined*
II. GLASSES OP LIPIDS
The classes of lipids found in the three serotypes of 
Leptospira grown in any of the three media were phospholipids, 
sterols, free fatty acids, triglycerides and sterol esters* 
These classes were tentatively identified chromatographlcally 
on thin-layer plates by comparing with standards of phospho­
lipid, cholesterol, oleic acid, tristearin and cholesterol 
oleate* The leptospiral lipid fractions were not quantitated 
but it was obvious that the phospholipids constituted the 
predominant class. This was ascertained by observation of 
the relative amounts of methyl esters of the various classes 
required to produce a suitable gas-liquid chromatogram. Upon 
visual observation of developed thin-layer plates it was 
estimated that each class of lipid with the exception of the 
sterol fraction was. similar in each organism grown on the 
three media. The quantity of sterol fraction of each serotype 
grown in albumin-Tween 80 medium appeared to be less than 
that observed in the corresponding organism grown in media 
containing rabbit serum.
The presence of significant quantities of sterols and 
sterol esters in leptospirae served to distinguish these 
organisms from all other bacteria. Sterols were reported in 
Azotobacter chroooocoum by Sifferd and Anderson (1936) and 
confirmed by Asselineau and Lederer (I960). However, 
demonstration of both sterols and sterol esters in other 
bacteria has not been reported. The demonstration of a
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sterol fraction with, similar thin-layer chromatographic 
properties as cholesterol in three serotypes of Leptospira 
lends support to the finding of free cholesterol in L. 
biflexa by Williamson and Ginger (196£)»
The presence of free and esterified sterols in 
leptospirae can not be taken as unequivocal evidence that 
these compounds are synthesized by the organisms® In fact, 
the observation that Leptospira grown in sterol-rich rabbit 
serum media contained more sterol that corresponding 
organisms grown in albumin-Tween 80 medium suggested absorp­
tion rather than synthesis. Mycoplasma laidlawii (Razin 
_et aJL®, 1966) and some fungi (Schlosser and Gottlieb, 1966) 
have been shown to incorporate sterols from the media. Tbe 
leptospirae may have incorporated sterols from the media in 
a similar manner as the Mycoplasma.
III. PATTY ACIDS OP THE LEPTOSPIRAE
Patty acid analyses during the initial, phase of this , 
investigation were conducted using a- gas chromatograph 
equipped with a thermal conductivity detector. Due to the 
lack of sensitivity of this instrument, results of these 
analyses showed only fatty acids present in appreciable 
quantities. Subsequently, analyses were conducted employing 
a chromatograph equipped with a flame-ionization detector. 
This instrument was approximately one thousand times more 
sensitive than the unit previously used. Complete results 
of analyses listing area percent composition of both 
identified and unidentified fatty acids of each organism
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grown in the different media are presented in Appendix 
Tables 1-10. Notation is made of the particular chromatograph 
used in conducting each analysis.
The fatty acids tentatively identified in all three 
serotypes of Leptospira, whether grown on rabbit serum media 
or albumin-Tween 80 medium, included a homologous series of 
saturated acids from 0 12:0 to C 18:0 and 0 1J+:1, 0 16:1,
0 16:2, C 18:1, C 18:2 and 0 18:3. Saturated 0 20 was 
detected in all organisms in each medium with the exception 
of L. oanloola grown in chemically-sterilized Stuart’s 
medium. Other fatty acids which were inconsistently found 
in the leptospirae included 0 20:1, C 20:14., 0 22:0, C 22:1,
C 214.: 0 and C 21+: 1.
Total extracts and lipid fraotions of the leptospirae 
analyzed on the flame-ionization detector chromatograph were 
observed to contain as many as 17 unidentified fatty acids.
The relative retention times of some of the unknown acids 
varied among the serotypes but were usually constant in all 
lipid fractions of an organism. Two of the unidentified 
acids were present in each fraction of the three organisms 
grown on each of the three media. One of these acids had 
a relative retention time intermediate between 0 l$s0 and 
0 16:0 and the other, between C 17:0 and C 18:0. The 
greatest concentration of the two unidentified fatty acids 
in each organism occurred in the sterol ester fraction. 
Allison and Stahlheim (196I4.) reported finding an unidentified 
fatty acid with a retention time slightly greater than C l£:0 
and a branched-chain 0 17:0 acid in L. oanloola grown in a
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chemically-defined medium,, These appear to correspond to the 
unknown acids mentioned above. However, the quantity of the 
acid with the shorter retention time reported by these authors 
is much greater than that found in any of the organisms 
studied in this investigation.
The major fatty acids found in the three leptospirae 
when grown on either rabbit serum media or albumin-Tween 80 
medium were C l6:0,C 16:1, C 16:2, C 18:0, G 18:1 and 
G l8s20 These six acids accounted for averages of 87.£$,
91 o8$ and 80.7# of the total fatty acid composition of 
Lo oanloola. Jk. pomona and L. loterohaemorrhagiae, respec­
tively. The relative quantities of major fatty acids in the 
total extract of the three organisms grown in the various 
media are presented in Table 2. These data indicate that 
the relative composition of the major fatty acids of eaoh 
serotype differed from the other two in each medium employed 
for cultivation. Leptospira pomona contained more C 16:0 
and I. oanioola contained less 0 16:2 and 0 18:0 than the 
other serotypes when grown on any of the three media,, The 
relative quantities of the six fatty acids in eaoh organism 
also varied depending on the medium used for propagation. 
However, the sums of the area percents of these fatty acids 
in each serotype grown in the three media were relatively 
constant. Cells of the three organisms grown in albumin- 
Tween 80 medium contained more G 18:1 and less 0 16:0, 0 18:0 
and 0 18:2 than corresponding oells grown in media containing 
rabbit serum.
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Table 2. Major fatty acids of the total lipid extracts of three sero­
types of Leptospira grown for 7-9 days in three different
media.
Organisms and Fatty- Acids
Media C l6:0a c 16:1 C 16:2 C 18:0. C 18:1 C 18:2
Filtered Stuart’s 
Lo canicola 23.49b 7.28 0.65 5.64 25.47 21.72
Lo pomona 27.41 13.66 4.75 8.12 23.21 14.19
L„ icterohaem- 
orrhagiae 23.94 7.90 1.46 9.30 21.49 16.25
Chemically-Sterilized Stuart’s
L, canicola 31.37 7.49 1.77 6.78 23.44 15.05
L. pomona
L. icterohaem-
36.75 4.60 1.96 7.91 28.11 12.27
orrhagiae 17.70 8.12 3.04 10.51 25.07 12.80
Albumin-Tween 80 
L. canicola 13.58 9.11 3.28 2.67 53.55 1.13
L. pomona 19.60 11.90 4.16 3.83 51.60 1.35
L. icterohaem- 
orrhagiae 11.02 11.46 9.14 2.70 49.01 1.19
afirst number designates carbon chain length; figure following colon 
indicates number of double bonds.
ball figures refer to area percent of total fatty acids of lipid extract.
Considerable differences were observed in the relative 
composition of the major fatty acids of eaoh organism when 
grown in the filtered Stuart’s and chemically-sterilized 
Stuart’s media* Cells of L. canicola and L, pomona contained 
greater quantities of C 16:0 when grown on chemically- 
sterilized Stuart's than when grown on filtered Stuart’s* 
Converselys cells of L. ioterohaemorrhaglae grown in the 
chemically-sterilized Stuart’s medium contained less 0 16:0 
than those grown in the filtered medium. The cells of all 
three serotypes grown in filtered Stuart’s medium contained 
more C 18:2 than corresponding cells propagated in the 
chemically-sterilized medium. The presence of beta- 
hydroxypropionio acid as a result of hydrolysis of BPL 
and the resulting increased ionic strength of the ohemioally 
sterilized Stuart.’s medium may have been responsible for 
the changes in the fatty acid composition of leptospiral 
oells. Kates et al. (1961) have shown that the lipid 
composition of Miorooooous halodenitrlfioans was 
signifioantly altered by changes in the ionic strength of 
the medium. The be ta-hydroxyproplonio, acid and inoreased 
ionic strength of the ohemioally-sterilized Stuart’s 
medium affected the lipids of eaoh serotype differently.
The relative concentrations of G 18:1 in the total 
extract of the three leptospirae grown in albumin-Tween 80 
medium as shown in Table 2 are in close agreement with the 
value of 47% reported for L. canicola grown in a synthetic 
medium with Tween 80 as the sole lipid source (Allison and 
Stahlheim, 1964). The area peroent of C 16:0 in L. oanloola
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when grown in albumin-Tween 80 medium as reported in Table 2, 
is considerably lower than the figure of 19$ given for this 
organism by Allison and Stahlheim (1961}.)*
The area percent composition of the major fatty acids 
in the phospholipids of three leptospirae grown in three 
different media is shown in Table 3* The relative composi­
tion of the six fatty acids in the phospholipids of each 
organism in each medium resembled that of the total extract 
more closely than did the other fractions. Quantities of 
0 16:1 in the three organisms grown in chemically-sterilized 
Stuart’s medium were considerably higher than those observed 
in cells cultured in filtered Stuart’s. Phospholipids of 
of Lo canicola and L. pomona contained more 0 16:0 when the 
organisms were grown in chemically-sterilized Stuart's 
whereas the phospholipids of L. loterohaemorrhagiae 
contained more of this acid when propagated on filtered 
Stuart's medium. The relative concentration of 0 18:2 in 
the phospholipid fraction of- all three serotypes grown in 
filtered Stuart’s was higher than the corresponding fraotion 
of cells grown on the chemically-sterilized medium* 
Phospholipid fractions of the three leptospirae cultivated 
in albumin-Tween 8 0 medium contained more 0 18:1 and 0 16:2 
but less C 16:0, 0 18:0 and 0 18:2 than the phospholipids 
of cells grown in media containing rabbit serum. In addition, 
the sum of the area percents of the major fatty acids in the 
phospholipids of L* pomona grown in albumin- Tween 80 medium 
was muoh higher than the other serotypes grown in this medium.
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Table 3® Major fatty acids of the phospholipid fractions of three sero­
types of Leptospira grown for 7-9 days in three different
media.
Organisms and 
Media
Fatty Acids
C l6:0a C 16 :l C l6s2 C 18:0 C 18:1 C 18:2
Filtered Stuart's
Lo canicola 27.39 3.60 1.34- 5.83 33.29 21.97
Lo pomona 31.70 5.95 1.35 9.22 28.64- 16.00
L, icterohaem-
orrhaeiae 27.73 13.18 2.54- 5.01 22.04- 17.90
Chemically-Sterilized Stuart's
Lo canicola 33.42 7.09 1.52 3.22 21.57 12.51
Lo -pomona 
L. icterohaem-
38.4-1 7.71 1.27 9.22 25.63 5.19
orrhaeiae 13.87 16.20 3.92 8.57 22.57 16.50
Albumin-Tween 80 
L. canicola 19.85 3.66 7.85 2.12 4-6.72 0.70
L. pomona 21.59 9.26 3.97 3.95 47.00 2.12
Lo icterohaem- 
orrhaaiae 19.91 6.95 4.74 3.31 38.4-8 0.97
afirst number designates carbon chain length; figure following colon
indicates number of double bonds.
•U
Dall figures refer to area percent of total fatty acids of; phospholipid 
fraction
The relative composition of the major fatty acids of 
the free fatty acid fraction of the leptospirae grown in three 
media are presented in Table lj., These data showed that there 
was much variation in the relative fatty acid composition 
of this fraction in different organisms and in the same 
organism propagated on different media, The sum of the 
area percents of the six fatty acids in L. ioterohaemorrhagiae 
grown in media containing rabbit serum was muoh less than 
those of other serotypes, When L, pomona was grown in 
albumin-Tween 80 medium the major fatty acids constituted 
a much smaller portion of the total composition than those 
of the other leptospirae. The relative composition of 
0 18:1 in the free fatty acids of L, canicola grown in the 
three media was notably higher than the other two organisms. 
Data on the major fatty acids of the triglyceride 
fractions of three leptospirae grown for 7-9 days in three 
different media are presented in Table 5. Relative 
concentrations of C 18:1 in the triglycerides of the L, 
oanioola grown in all media were higher than those of 
corresponding total extracts. The relative concentration 
of C I62O in the triglycerides of L, pomona grown in the 
three media was much greater than that of other serotypes. 
Concentrations of C 18:2 in L, oanloola grown in chemically- 
sterilized Stuart's medium and C l8;l in this organism 
cultured in albumin-Tween 80 medium were more than twioe 
that observed in other serotypes.
Table 6 presents data on the area percent composition 
of the major fatty acids of the sterol ester fractions of
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Table 4. Major fatty acids of the free fatty acid fractions of three
serotypes of Leptospira grown for 7-9 days in three different 
media <>
Organisms and 
Media
Fatty Acids
C l6:0a C 16 si C 16:2 C 18:0 C 18:1 C 18:2
Filtered Stuart’s
L. canicola 21.6lb 2.82 1.23 7.01 31.33 19.70
L. pomona 25.08 9o30 1.11 15.70 21.25 20.03
L. icterohaem-
orrhaeiae 21.58 7.33 2.86 15.52 20.49 6.52
Chemically-Sterilized Stuart’s
L. canicola 29.72 8.98 2.19 11.68 26.59 16.37
L. pomona • 33.09 7.87 1.70 14.67 24.87 10.47
L. icterohaem-
orrhaeiae 29.95 10.35 1.21 14.37 15.99 5.40
Albumin-Tween 80 
L. canicola 10.91 8.91 4.13 2.56 62.62 1.23
L. pomona 17.35 1.36 3.92 Trc 36.42 Tr
L. icterohaem- 
orr'hagiae 12.27 13.51 Tr 9.51 42.21 2.89
afirst number designates carbon chain length; figure following colon
indicates number of double bonds.
Vi
all figures refer to area percent of total fatty acids of fraction.
cTr = trace amounts.
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Table 5« Major fatty acids of the triglyceride fractions of three sero­
types of Leptospira grown for 7-9 days in three different
media .
Organisms and 
Media
Fatty Acids
C l6:0a c 16:1 c 16:2 C 18:0 C 18:1 C 18:2
Filtered Stuart's
Lo canicola 13.l4b 6.33 2.48 5-06 28.41 11.14
Lo pomona 25.04 8.77 0.88 6.85 27.41 23.21
Lo icterohaem-
orrhaeiae 20 .46 3.22 2.33 9-36 24.87 15.52
Chemically-Sterilized Stuart's
L. canicola 28.11 8.66 1.64 9.5^ 26.61 18.96
Lo pomona 
L. icterohaem-
43.82 4.14 1.45 8.60 29.02 7.70
orrhaeiae 22.06 6.97 2.13 12.96 21.93 8.75
Albumin-Tween 80
L„ canicola 6.58 9.72 1.54 3.08 66.04 1.94
Lo pomona 
L. icterohaem-
12.39 8.47 3.89 6.10 29.18 1.76
orrhaeiae 7.58 7.39 1.60 8.20 29.91 O.85
‘ afirst number designates carbon.chain length; figure following colon
indicates number of double bonds.
all figures refer to area percent of total fatty acids of triglyceride 
fraction.
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Table 6. Major fatty acids of the sterol ester fractions of three sero­
types of Leptospira grown for 7-9 days in three different
media.
Organisms and 
Media
Fatty Acids
C l6:0a C 16 :l C 16:2 C 18:0 C 18:1 C 18:2
Filtered Stuart's
L. canicola 13.91b 3.53 5.27 5.85 8.93 10.10
L. pomona 22.54 9.61 4.40 14.23 12.87 11.76
Lo icterohaem-
orrhaeiae 8.94 4.73 5.50 6.63 11.82 11.38
Chemically-Sterilized Stuart's 
Lo canicola 22.99 10.65 1.05 4.64 24.62 27.48
L. pomona 43.91 7.36 1.31 26.44 4.86 0o34
Lo icterohaem- 
orrhaeiae 15.59 11.53 1.91 7.65 10.97 7.30
Albumin-Tween 80 
Lo canicola 7.77 10.16 0.86 3.07 • 16.10 • 2.75
Lo pomona 13.88 7.13 0.70 7.50 2.77 Tr°
Lo icterohaem- 
orrhaeiae 7.20 9.32 6.19 7.52 16.49 1.31
afirst number designates carbon chain length; figures following colon
indicate number of double bonds.
all figures refer to area percent of total fatty acids of sterol ester 
fractions.
cTr = trace amounts.
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three leptospirae grown in different media. It was observed 
that there was a more even distribution of the six fatty acids 
of this olass in each organism than in all other lipid 
fractions. The differences in relative concentration of 
C 18:1 in organisms grown in the three media are much 
smaller in the sterol ester fraction than in other lipid 
classes. In addition, the six fatty acids listed in Table 
6 constitute a much smaller portion of the total composition 
of this class than in other lipid classes.
A comparison of the saturated:unsaturated (S:U) ratios 
of the identified fatty acids in the total extract and lipid 
fractions of the three leptospirae grown in the different 
media is presented in Table 7* The S:U ratios of the total 
extracts and the lipid fractions of the three serotypes and 
those of each organism grown in the different media were 
markedly different. Leptospira pomona propagated in 
chemically-sterilized Stuart's and albumin-Tween 80 media 
was observed to have a higher S:U ratio than the other 
serotypes. In addition, organisms grown in chemically- 
sterilized Stuart's medium generally had higher S:U ratios 
than corresponding organisms grown in the other media. A 
discussion of the relationship between fatty acid composition 
of leptospirae and the medium used for propagation will be 
presented in a following seotion.
The spectra of fatty aoids tentatively identified in L. 
canicola. L. pomona and L. ioterohaemorrhaglae included 
G 16:2, C 18:2 and C 18:3 of which are considered rare
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Table 7« Comparison of the fatty acid saturatedJunsaturated ratios of 
three serotypes of Leptospira grown on three different media.
Organisms and 
Media
Total
Extract
Fractions
Phospho­
lipids
Free Fatty 
Acids
Triglyc­
erides
Sterol
Esters
Filtered Stuart's
Lo canicola 0.59a 0.57 0.69 0.49 1.04
Lo pomona 0o78 0.85 0.89 0.61 1.22
Lo icterohaem-
orrhagiae 0o82 0.64 1.27 0.89 0.89
Chemically-Sterilized Stuart's
Lo canicola 1.04 1.33 0.79 0.75 0.49
L. pomona 
L. -lcterohaem-
1.13 1.27 . 1*17 1.33 1.38
orrhagiae 0.82 0.54 1.56 1.17 1.08
I
Albumin-Tween 80
Lo canicola 0.2 7 0.41 0.20 0.15 0.52
Lo pomona 0.39 0.52 0.67 0.59 2.57
Lo ieterohaem- .
orrhagiae 0.23 0.59 0.47 0.52 0.64
aratio calculated using identified fatty acids only.
in bacteria* Octadeoadienoio acid has been previously
\
reported in L« canicola (Allison and Stahlheim, 1964) and 
Listeria monocytogenes (Kircus, 1965)* Patty aoids 
demonstrated in Leptospira which are uncommon in other 
bacteria are 0 14:1, G 15:0, 0 17:0, 0 20:1, 0 22:0, 0 22:1 
0 24:0 and 0 24:1* Of these fatty acids, C 14:1, 0 20:1,
C 22:0, G 22 gl and 0 24:1 have been reported to be 
exclusively in £* diphtheriae (Asano and Takahashi, 1945; 
Alimova, 1958)* Pseudomonas aeruginosa (James and Martin, 
1956) and L* monocytogenes (Kirous, 1965) were found to 
contain 0 15:0 and 0 17:0* The only other organisms 
observed to contain 0 24:0 were L* acidophilus (Growder and 
Anderson, 1932) and £* diphtheriae (Asano and Takahashi,
1945)*
The quantitative fatty acid composition of the three 
serotypes,, of Leptospira shown in Table 2 and Appendix 
Tables 1-10 are distinctly different from those reported 
for other bacteria* The only quantitative similarities 
between the fatty aoid composition of the leptospirae 
studied and some other genera of bacteria were the 
occurrences of C 16:0 as the predominant saturated aoid 
and G 16:1 and G 18:1 as the unsaturated fatty aoids of 
highest concentration* The quantities of G 18:2 present 
in leptospirae, especially when propagated in Stuart's 
medium, were similar to those found in some yeast and molds 
(Hilditoh and Williams, 1964)*
I Vo EFFECTS OF AGE ON FATTY ACID COMPOSITION
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In order to determine the effects of age on the fatty 
acid composition of leptospirae, analyses were conducted on 
Lo can!cola cells grown in albumin-Tween 80 medium for periods 
of 7-9 days and 18 days* Complete results of these analyses 
are reported in Appendix Tables 3 and 4; comparisons of the 
relative concentrations of the major fatty acids and SsU 
ratios of cells grown for different periods are shown in 
Table 80 The period of incubation of the younger cells 
used in this investigation was varied from 7-9 days 
depending on the time required for individual cultures to 
attain an approximated maximal growth* Data on the SsU 
ratios indicate that an increase in age of L« canioola 
cells resulted in increases in the relative concentration of 
saturated fatty acids in the total extract and lipid 
fractions with the exception of the phospholipids*
Increases in the SsU ratios of the total extract and 
triglycerides of l8-day cultures were due primarily to 
large increases in C 16sO and to decreases in C l8sl* A 
decrease in the relative concentration of C l8sl and a 
large inorease in 0 l8s0 of the free fatty aoid fraction 
produced an inorease in the SsU of the older aells* An 
increased SsU ratio of the sterol esters was due to increases 
in the relative concentrations of C 16tO and G l8s0« The 
decrease in the relative concentration of saturated fatty 
aoids of the phospholipids in older cells was produced by a 
decrease in the concentration of C 16sO and an inorease in
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Table 8. Comparison of the area percent composition of the major fatty 
acids and saturatedJunsaturated ratios of cultures of 
Leptospira canicola grown for different periods in albumin- 
Tween 80 medium.
Age of S:Ua Fatty Acids
culture ratio C.l6:0b c 16:1 C 16:2 C 18:0 C 18:1 C 18:2
Total Extract
8-Dayc 0 .27d 13.58 9.11 3.28 2.67 53.55 1.13
18-Day 0.33 16.57 11.02 2.85 2.81 51.^3 1.3k
Phospholipids
8-Day 0.41 19.85 3.66 7.85 2.12 46.72 0.70
18-Day 0.33 16.02 7.88 3.^3 2.88 53.20 0.81
Free Fatty Acids 
8-Day 0.20 10.91 8.91 4.13 2.56 62.62 1.23
18-Day O.67 4.52 6.60 3.00 9.3^ 30.77 2.50
Triglycerides
8-Day 0.15 6.58 9.72 1.5^ 3.08 66.04 1.9^
18-Day 0.33 11.48 16.97 1 .2 6 4.34 42.16 3.66
Sterol Esters
8-Day 0.52 7.77 10.16 0.86 3.07 16.10 2.75
18-Day 1.04 10.41 9 .62 0.94 18.01 16.29 5.08
asaturatedtunsaturated ratio of all-identified fatty acids.
kfirst number designates carbon chain length; figure following colon 
indicates number of double bonds.
cfigures represent average age; cultures were grown for 7 to 9 days 
depending on time required to reach estimated maximum growth.
^figures represent area percent of all fatty acids.
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C 18:1* The relative concentration, of G 18:2 increased in 
the total extract and all lipid fractions in the l8-day old 
cellso
Vo EFFECTS OF MEDIUM ON FATTY AOID COMPOSITION
A comparison of the relative concentrations of the 
major fatty acids of L. oanioola cells and those of the 
media in whloh cells were grown is presented in Table 9* 
Results of complete fatty acid analyses of L. oanioola 
are shown in Appendix Tables 1 and 2; area percent 
composition of all identified fatty acids of fresh Stuart*s 
and albumin-Tween 80 media is reported in Appendix Tables 
11 and 13® The data in Table 9 show that the fatty acid 
composition of the leptospiral oells were strongly 
influenced by the medium used for propagation® However, 
the fatty aoid composition of L* oanioola appeared not to be 
entirely dependent on the composition of the medium since 
the relative quantities of C 16:0 and C 16:2 in the cells 
were consistently higher than that found in the media in 
which they were grown* Similarities between oells and the 
medium used for cultivation strongly suggested that at 
least a portion of the fatty acids of the medium was 
absorbed and directly incorporated into cellular lipids. 
However, radioisotope studies would be required to obtain 
definite proof of direot incorporation.
A comparison of the relative percent composition of the 
major fatty acids of filtered Stuart»s medium before and
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Table 9« Comparison of the area percent compositions of the major fatty 
acids of L. canicola cells and the fresh media in which cells 
were grown.
Fatty
Acid
Cells grown 
in Stuart’s
Stuart's
Medium
Cells grown 
in A-T 80b
A-T 80 
Medium
C l6iOc 23.49d 13.96 13.58" 3.78
C 16:1 7.28 2.26 9.11 9.14
C 16:2 0.65 0.28 3.28 0.40
C 18:0 5.64 12.52 2.67 1.92
C 18:1 25.47 21.87 53.55 67.71
C 18:2 21.72 29.16 1.13 2.67
asterilized by filtration.
,bA-T 80 refers to Albumin-Tween 80.
cfirst number refers to carbon chain length; figure following colon 
indicates number of double bonds.
^figures represent area percent of total fatty acids.
after growth, of L* oanioola for 18 days la presented in 
Table 10» Ratios of the saturated to unsaturated fatty 
Aoids of fresh and spent medium are presented in Table 11. 
Leptospira oanioola produced decreases in the relative 
concentrations of G 18:0 and C 20:4 the total extraot 
of the medium. This was refleoted by a decrease in the 
S:U ratio of the spent medium since G 18:0 was probably 
utilized to a greater extent than the unsaturated add.
Aside from small decreases in the relative concentrations 
of 0 16:0 and 0 20:4# the. organism showed little preference 
for particular fatty aoids of the phospholipids. The free 
fatty aoid fraotion of the spent medium showed relative 
deoreases in the concentrations G 16:0 and G 16:1 whereas, 
the relative concentrations of G 18:1, G 18:2 and C 20:4 
of the triglycerides decreased slightly* A large inorease 
was observed in the relative concentration of saturated 
aoids in the sterol esters of the spent medium whioh was 
probably due to the preferential utilization of 0 18:1 and 
0 18:2 *
The relative percent composition of the major fatty 
acids of albumin-Tween 80 medium analyzed before and after 
growth of L* oanioola is reported in Table 12* A comparison 
of the S:U ratios of fresh and spent medium was made in 
Table 11* Growth of L* oanioola in albumin-Tween 80 medium 
resulted in a decrease in C l4sl# C 16:1 and G 18:2 and an 
Inorease in the S:U ratio of the total extraot. A 
corresponding inorease in the S:U ratio of the phospholipids
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Table 100 Comparison of area percent composition of the major fatty 
acids of Stuart's medium before and after growth of 
Leptospira canicola0
Medium Fatty Acids
C l6:0a C 16:1 C 18:0 C 18:1 C 18:2 C 20:4
Total Extract
Fresh 13.96° 
Spent 20,80
2.26
4.43
12,52
3.80
12.87
24.29
29.16
30.58
7.54
3.04
Phospholipids ■
Fresh 18,12 
Spent 16,72
0.39
0.49
23.98
24.60
11.21
13.93
26.35
26.51
6.74
6.60
Free Fatty Acids
Fresh 28,15 
Spent 19,88
3o93
1.95
9.02
10.41
24.52
28.11
24.67
25.99
Tr
3.58
Triglycerides
Fresh 23,18 
Spent 26.87
3.^9
3.61
5.91
7.23
. 32.77 
29.35
24.99
23.06
1.04
0.71
Sterol Esters
Fresh 18.62 
Spent 21.66
3.07
3.87
•3.28
8.02
21.45
18.48
43.18
19.20
2.63
3.40
afirst number designates carbon chain length; figure following colon 
indicates number of double bonds,
Vi
medium in which organisms were grown for 18 days,
cfigures represent area percent of all fatty acids in total extract or 
fractions.
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Table 11, Comparison of the saturatedsunsaturated ratios of the 
identified fatty acids of Stuart’s and albumin-Tween 80 
media before and after growth of Leptospira oanioola.
Media Total
Extract
Fractions
Phospho­
lipids
Free Fatty 
Acids
Triglyc­
erides
Sterol
Esters
Stuart's
Fresh 0.49b 0.92 0.69 0.47 0.35
Spent3 0,39 0.92 0.54 0.61 0.89
Albumin-Tween 80
Fresh 0.14 0.12 0.59 1.22 0.23
Spent 0,18 0.16 0.28 1.17 0.79
amedia in which organisms were grown for 18 days,
^figures represent area percent of total fatty acids of total extract 
or fractions.
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Table 12. Comparison of area percent composition of the major fatty
acids of albumin-Tween 80 medium before and after growth of
Leptospira canicola.
Medium Fatty Acid
C l^Jla C 16:0 C 16 :l C 18:0 C 18:1 C 18:2
Total Extract 
Fresh 1.94° 3.78 9.14 1.92 67.71 2.67
Spent 0.64 6.37 7.81' 3.34 68.31 2.11
Phospholipids
Fresh 1.98 5.56 13.2 7 1.25 65.24 1.82
Spent 1.54 6.15 6.85 2.66 66.23 2.04
Free Fatty Acids 
Fresh 1.60 20.25 5.83 ii.06 44.40 6.51
Spent 2.19 8.92 9.24 4.80 53.80 2.33
Triglycerides
Fresh 1.26 13.02 3.44 20.30 5.33 2.15
Spent 2.49 11.92 7.50 10.73 20.22 3.23
Sterol Esters 
Fresh 1.14 6.87 10.07 2.27 56.41 1.37
Spent 3.46 11.83 10.21 9.07 14.51 4.02
afirst number designates carbon chain length; figure following colon 
indicates number of double bonds.
y.
medium in which organisms were grown for 18 days.
cfigures represent area percent of all fatty acids in total extract and 
fractions.
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was due to deoreases of C llj.:l and 0 16:1 in the spent 
medium* Hie free fatty aoid and triglyceride fractions of 
the spent medium exhibited relative decreases in C 16:0 
and 0 l8s0 and reduced SsU ratios* An approximate four-fold 
deorease in the relative concentration of 0 l8sl in the 
sterol esters of the spent medium resulted in a large 
inorease in the SsU, ratio* The decreases in relative 
concentration of certain fatty aoids in the various lipid 
fractions of the spent media is strongly suggestive of 
preferential utilization by L* oanioola*
Little correlation was observed for the selective 
utilization of fatty acids from the lipid fractions of 
StuartJs and albumin-Tween 80 media by L* oanioola (Table 
10 and 12)* However, the organism did produoe marked 
decreases in the relative concentrations of C 16:0 in the 
free fatty acid fraction and 0 18:1 in the sterol esters 
of both media* In addition, values presented in Appendix 
Tables 11-10 for relative concentrations of 0 17:0 in the 
total extracts of fresh and spent media suggest that this 
aoid is also selectively utilized during growth.
In the present study the fatty aoids shown to be 
decreased in at least one fraction of the spent media are 
the same as those which produced maximum growth stimulation 
of L* pomona when added to an extracted albumin medium 
(Johnson and Gary, 1963)* Nieman (195^) and 0 ‘Leary (1962) 
reported that stimulation of growth in most bacteria is 
produoed primarily by unsaturated fatty aoids from 0 12 to
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C 18. Johnson and Gary (1963) have shown that L. pomona is 
an exception to this generalization since the growth responses 
produced by 0 16:0, C 17:0 and C l8j0 were slightly greater 
than those produced by 0 l8:l and 0 l8s2.
VI* LIPID CONTENT OP LEPTOSPIRAE
Total lipid content of the three serotypes of Leptospira 
grown in Stuart’s and albumin-Tween 80 media were determined 
by gravimetric analysis,. In addition* the effect of age on 
the lipid oontent of L. oanioola oells was determined,,
Results of the gravimetrio analyses are shown in Table 13®
The organisms in decreasing order of lipid oontent when 
grown in Stuart’s medium were found to be L l.otero- 
haemorrhagiae, L. oanioola and L. pomona® When L. pomona 
and Lo i oterohaemorrhagi ae were grown in albumin-Tween 80 
medium they were found to contain less lipid than corresponding 
oells grown in Stuart’s medium. However* the lipid oontent 
of L. oanioola grown in albumin-Tween 80 medium was slightly 
higher than when grown in Stuart’s medium. No explanation 
can be given for the greater lipid oontent of L. oahloola 
oells grown in albumin-Tween 80 medium than those cultivated 
in Stuart’s medium. Leptospiral oells propagated in Stuart’s 
medium were expected to oontain more lipid than cells 
cultivated in albumin-Tween 80 medium sinoe Stuart’s medium 
contained more lipid than the latter. The oells of JL. 
oanioola grown in albumin-Tween 80 medium were found to 
oontain less lipid with an inorease in the age of the culture.
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Table 13» Percent lipid composition of three serotypes of Leptospira 
grown in filtered Stuart's and albumin-Tween 80 mediae
Organism Age of Culture 
(days)
Medium Percent
Lipid3
Lo canicola 7-9 Stuart's 22o9
Lo canicola 7-9 Albumin-Tween 80 23.9
Lo canicola 18 Albumin-Tween 80
Lo pomona 7-9 Stuart's 18 o0
L, pomona 7-9 Albumin-Tween 80 13.6
Lo icterohaemorrhaeiae 7-9 Stuart's 26.3
Lo icterohaemorrhaeiae 7-9 Albumin-Tween 80 21 o 8'
aexpressed as percent of dry cell weighto
The total lipid content of most bacteria has been found 
to range from 1-10$ (0‘Leary* 1962) 0 Notable exceptions to 
this general statement include Bacillus megatherium, 
Bordatella pertussis and myoobaoteria* Bordatella pertussis 
has been reported to oontain 21j.$ total lipid whereas* the 
average lipid oontent reported for human strains of M, 
tuberculosis is l?o8$ (Asselineau and Lederer* I960),
Cells of Bo megatherium have been shown to oontain 21$ 
total lipido However* the lipid of this organism consisted 
almost exclusively of poly-beta hydroxybutyrio acid 
(Asselineau and Lederer, I960), The average lipid oontent 
of the leptospirae grown for 7-9 days in Albumin-Tween 80 
medium was 19<*8$0 This value was higher than the 16$ 
reported by Allison and Stahlhelm (1964) for L* oanioola 
grown in a chemically-defined medium containing Tween 80, 
However* the lipid oontent of the leptospirae grown in 
Stuart’s medium compared favorably with that reported by 
Siefert (1958) for L, blflexa and other spirochetes 
propagated in a medium containing rabbit serum.
Information concerning the lipid composition of 
leptospirae is limited to a total fatty aoid analysis of 
L, oanioola reported by Allison and Stahlheim (1964) and the 
demonstration of free cholesterol in L, biflexa by 
Williamson and Ginger (1965)* 2ha effects of higher fatty 
aoids on the growth of L» pomona were determined by 
Johnson and Gary (1963), However, the effeots of the lipid 
composition of the medium on that of leptospirae have not
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been studied. This investigation was conducted to 
characterized the lipids of three serotypes of Leptospira 
and_ to determine the effects of age and media on the lipid 
composition of these organisms.
In this investigation 21 fatty aoids were tentatively 
identified in the leptospirae but, 17 aoids remained 
unidentified. Definite identification of all of the aoids 
will require future studies employing improved preparative 
gas-liquid chromatography techniques and infrared spectroscopy. 
Information concerning the effects of lipids in the medium 
on the lipid composition of leptospirae was obtained in this 
study. However, elucidation of the mode of utilization 
individual fatty aoids and the effects of these fatty aoids 
on the lipid composition of leptospirae must await future 
studies utilizing the combined techniques of radioactive 
labeling and gas-liquid chromatography. It is believed 
that data concerning the lipid composition of three 
leptospirae reported in this dissertation will be benefloal 
in future biochemical and nutritional studies on members 
of the genus Leptospira,
CHAPTER V
74
SUMMARY AND CONCLUSION
Studies were conducted on the lipids of L* oanioola,
L* pomona and L. lcterohaemorrhagiae whioh were grown for • 
periods of 7-,9 and. 18 days in three different media* The 
total lipid extraot of each, organism grown on the various 
media was fractionated employing thin-layer chromatography*. 
Lipid classes, namely phospholipids, sterols, free fatty 
aoids, triglycerides and sterol esters, were demonstrated 
in the leptospirae grown in the three media* The phospholipids 
Were observed to be the most abundant fraction of the total 
lipids in eaoh organism when grown on any of the media. 
Quantities of the various lipid classes of leptospirae grown 
in the various media were similar with the exception of the 
sterol fraction* Relative amount of sterol of eaoh serotype 
grown in albumin-Tween 80 medium appeared to be less than 
that observed in the corresponding organism grown in media 
containing rabbit serum. The faot that leptospirae grown 
in media containing sterol-rioh rabbit serum oontained more 
sterol than organisms grown in albumin-Tween 80 medium 
suggested that this oompound was absorbed rather than 
synthesised*
Fatty acids In the total extraot and lipid fraotions of 
leptoapiral oells grown for 7-9 days in the three media were 
analysed by gas-11 quid chromatography* The spectra of fatty 
acids tentatively identified in the three serotypes of
Leptospira grown in any of the media inoluded a homologous 
series of saturated aoids from 0 12:0 to G 18:0 and G 14:1,
G 16:1, G 16:2, 0 18:1, C 18:2 and C 18:3. Arachidio aoid 
was detected in all organisms with the exception of L. 
canicola grown in ohemloally-starilized Stuart's medium.
Other fatty aoids whioh were observed in at least one 
serotype Inoluded G 20:1, G 20:4, G 22:0, G 22:1, G 24:0 
and G 24:1* As many as 17 unidentified fatty aoids were 
also detected* The fatty aoids whioh constituted a major 
portion of the total composition of the leptospirae were 
G 16:0, 0 16:1, 0 16:2, 0 18:0, 0 18:1 and 0 18:2. These 
six fatty aoids accounted for 84*3$, 91*3$ and 80*3$ of the 
total lipid extraots of L. oanioola. L* pomona and L. lotero- 
haemorrhaglae. respectively, when grown on Stuart's medium, 
whereas they constituted 83.3#, 92.4$ and 84*5$ when grown 
in albumin-*Tween 80 medium. Relative concentrations of the 
major fatty aoids in the total extraot.and lipid fractions
1
of the three serotypes were markedly different. Differences 
were also noted in the relative fatty aoid composition of 
oells of L. oanioola cultivated for periods of 7-9 and 18 
days in albumin- Tween 80 medium.
The fatty aoid oomposition of the total extraot and 
lipid fractions of eaoh organism was signifioantly affected 
by the medium used for propagation. As an outstanding 
example, oells cultivated in Stuart's media oontained 
approximately 12 times more G 18:2 than those grown in 
albumin-Tween 80 medium* Comparison of the major fatty
aoids of Lo oanioola and uninooulated media revealed that the 
relative ooneentrations in the organism were greatly affected 
by the lipid oomposition of the media. Certain fatty aoids 
in eaoh class of lipid appeared to be preferentially 
utilized as suggested by data oolleoted on the fatty aoid 
oomposition of media before and after growth of L. oanioola0 
The exjsractable lipids of L. oanioola. Lo pomona and L„ 
ioterohaemorrhagiae constituted 22o9$* l8«0$ and 26«3$ of 
the dry weight of oells grown in Stuart!s medium and 23«9$*
1306$ and 21$ of oells cultivated in albumin-Tween 80 medium. 
Cells of Lo oanioola grown for 18 days in albumin-Tween 80 
medium contained 9o5$ loss lipid than oells cultivated for 
7-9 days in this medium.
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Appendix Table 1. Relative percent fatty acid composition of Leptospira
canicola grown for 7-9 days in filtered Stuart’s
medium.^
Fatty
Acid
Total
Extract
Fractions
Fnospho-
lipids
Free Fatty 
Acids
Triglyc­
erides
Sterol
Esters
C ll:Ob 0.26 Tr 1.30
Uc 0.09 e a. - —
C 12:0 0.07 Tr 0.76 1.22
U Trd 0.02 Tr
C 13:0 0.55 0.03 0.23 0.79 2.31
U 0.23 0.16 0.14 — 1.34
U Tr - - - 1.32
C 14:0 0.70 0.18 2.53 1.51 ' 2.14
C 14:1 0.32 0.15 0.50 1.01 2.43
U 2.20 1.05 0.43 0.40 Tr
C 15:0 0.82 0.25 1.03 0.76 2.84
U 1.15 0.95 0.21 0.36 1.61
U Tr - 0.35 Tr 0.88
U Tr 4.09
C 16:0 23.49 27.39 21.61 13.14 13.91
C 16:1 7.28 3.60 2.82 6.33 3.53
U 5.23 - - 2.48 —
C 16:2 0.65 1.34 . 1.23 2.56 5.27
C 17:0 0.91 0.98 0.83 0.68 1.93
U 0.39 0.58 0.67 0.54 . Tr
U 0.26 0.22 0.23 — 4.82
C 18:0 5.64 5.83 7.01 5.96 5.85
C 18:1 25.47 33.29 31.33 28.41 8.93
C 18:2 21.72 21.95 19.70 11.14 10.10
U Tr 0.09 0.35 Tr 1.75
C 18:3 0.38 0.29 0.74 ,1.1-5 • 0.81
U Tr Tr Tr 4.42
C 20:0 Tr 0.11 0.46 0.84 Tr
C 20:1 Tr 0.24 Tr Tr Tr
U Tr 0.15 - - 10.35
U 1.63 0.46 2.20 5.93 1.41
C 20:4 0.51 0,41 Tr Tr Tr
c 22:0 Tr 0.26 1.08 Tr 3.96
U Tr Tr Tr Tr 4.02
C 24:0 Tr Tr 2.19 Tr Tr
U Tr 14,80 —
^analyzed on chromatograph with flame-ionization detector, 
first number designates carbon chain length; figure following colon 
indicates number of double bonds.
CU = unidentified fatty acids listed in order of relative retention times. 
dTr = trace amounts. 
e- = not detected.
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Appendix Table 2. Relative percent fatty acid composition of Leptospira
canicola grown for 7-9 days in chemically-sterilized 
Stuart's medium,,3
Fatty
Acid
Total
Extract
Fractions
Phospho­
lipids
Free Fatty 
Acids
Triglyc­
erides
Sterol
Esters
C 12sOb 0„56 1.17 0.32 0.66 0.60
C 13:0 Trc Tr Tr 0.38 Tr
C 14:0 1„54 1.52 1.49 3.10 2.66
C 14 :l 0.75 Tr 0„6l 1.11 1.56
C 15:0 9o 5^ 16.55 0.79 0.94 1.31
C 16:0 31..37 33o42 29.72 28.11 22.99
C 16:1 7o49 7-09 8.98 8.66 IO.65
C 16:2 1.77 1.52 2.19 1.64 1.05
c 17:0 1.14 1.41 0.46 0.30 0.49
C 18:0 6.7 8 3.22 11.68 9-54 4.64
C 18:1 23.44 21.57 26.59 26.61 24.62
C 18:2 15o05 12.51 16.37 18.96 27.48
c 18:3 0.58 Tr 0.80 Tr 1.95
aanalyzed on chromatograph with thermal conductivity detector.
kfirst number designates carbon chain length; figure following colon 
indicates number of double bonds.
cTr = trace amounts.
Appendix Table 3- Relative percent fatty acid composition of Leptospira
canicola grown for 7“9 days in albumin-Tween 80 medium.
Fatty
Acid
Total
Extract
Fractions
Phospho­
lipids
Free Fatty 
Acids
Triglyc­
erides
Sterol
Esters
Ub Tr _e Tr O.72 0.2 5
U Tr Tr 0.04 0.50 1.84
C 11:0° 0.05 0.09 0.03 0.02 2.02
U Trd — 0.02 0.02 Tr
U Tr - 0.01 0.01 _
C 12:0 0.09 0.16 0.31 0.20 1.78
U 0.37 0.11 0.15 0.08 2.05
U Tr 1.83 Tr 0.03 Tr
c 13:0 0.08 0.49 0.11 0.08 1-75
U 0.20 0.57 0.09 0.08 2.68
U 0.09 0.06 0.12 Tr
C 14:0 0.74 0.71 0.99 1.00 3-95
C 14 :l 2.09 2.97 0.68 2.22 4.49
U 1.22 0.35 0.48 Tr
U Tr 2.56 0.53 0.30 2.18
c 15:0 0.94 0.82 0.66 0,46 3-13
U 0.17 - 0.17 0.56 4.41
U 1.10 1.51 0.70 0.56 Tr
c 16:0 13° 58 19-85 10.91 6.5 8 7-77
c 16:1 9.11 3-66 8.91 9-72 10.16
U 6.14 - 8.91 _ —
C 16:2 3o28 7-85 4.13 1.54 0.86
c 17:0 0.72 0.88 0.38 0.60 1.12
U 0.88 0.61 0.97 1.34 -^73
C 18:0 2.67 2.12 2.56 3-08 3-07
C 18:1 53-55 46.72 62.62 66.04 16.10
C 18:2 1.13 0.70 I.23 1.94 2.75
c 18:3 0.21 Tr 0.21 0-35 Tr
U 0.62 0.33 0.36 I.03 5-55
C 20to Tr Tr Tr Tr Tr
c 20:1 0.69 0.13 0.37 1.03 6.41
U 0.30 0,30 0.50 0.44 4.49
C 20:4 Tr Tr Tr Tr 6.46
aanalyzed on chromatograph with flame-ionization detector.
bU = unidentified fatty acids listed in order of relative retention 
times.
cfirst number designates carbon chain length; figure following colon 
indicates number of double bonds,
dTr = trace amounts.
e_ = not detected.
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Appendix Table 4. Relative percent fatty acid composition of Leptospira
canicola grown for 18 days in albumin-Tween 80 medium.®
Fatty
Acid
Total
Extract
Fractions
Phospho­
lipids
Free Fatty 
Acids
Triglyc­
erides
Sterol
Esters
C ll:0b Trc 0.08 0.34 0.51 1.62
IP 0 .0  5 0 .0 6 - 0.58 1.09
C 12:0 0.61 0.55 1.49 0.54 0.99
U Tr _e 0.28 Tr 0.89
c 13:0 0.12 0.13 0.18 0 .2 6 0.84
U 0.09 Tr 0.31 Tr 0.33
U Tr _ 0.29 - -
C 14:0 1.34 0 .5 2 6.47 1.91 3.15
C 14 :l 1.87 lo53 1.28 2.71 3.33
U 0.83 1 .00 0.69 Tr 1.17
U 1.22 — 0.63 -
c 15:0 0.91 1.82 2.11 1.21 2.38
U 0.30 0.74 1.75 1.96 2.47
U 0.80 0.84 0.97 Tr Tr
C 16:0 16.57 16.02 4.52 11.48 10.41
c 16:1 11.02 7.88 6.60 16.97 9.62
U 2.65 5-73 Tr — Tr
C 16:2 2.8 5 3.43 3.00 1 .2 6 0.94
c 17:0 0.57 0.88 4.29 2.93 2.59
U 0.91 0.84 2.27 2.34 2.70
C 18:0 2.81 2.88 9.33 4.34 18.01
C 18:1 51.^3 53.20 30.77 42.16 16.29
C 18:2 1.34 0.81 2.50 3.66 5.08
c 18:3 0.17 0.34 1.29 1.88 8.43
U Tr Tr 2.33 0.94 Tr
C 20:0 Tr 0.12 1.36 0.72 7.69
C 20:1 O.67 0.10 — 1.03 Tr
U Tr Tr 4.48 _ -
U 0.40 0.48 11.11
-
®analyzed on chromatograph with flame-ionization detector.
kfirst number designates carbon chain length; figure following colon 
indicates number of double bonds.
cTr = trace amounts.
= unidentified fatty acids listed in order of relative retention 
times.
e- = not detected.
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Appendix Table 5* Relative percent fatty acid composition of Leptospira
pomona grown for 7-9 days in filtered Stuart's medium.3
Fatty
Acid
Total
Extract
Fractions
Phospho­
lipids
Free Fatty 
Acids
Triglyc­
erides
Sterol
Esters
C 12:0b 0.2 5 0.80 0.18 1.10 5.47
c 13 :0 Trc 0.12 Tr 0.21 0 .90
C 14:0 1.03 2.15 2.46 3.07 5 .61
C .14-:1 • Tr 0.70 Tr 1.10 Tr
C 15:0 7.40 0.80 3.87 1.07 5.29
C 16:0 27.41 31.70 25.08 25.04 22.54
C 16:1 13.66 5.95 • 9.30 8.77 . 9.61
c 1 6 :2 4.75 1.35 1.11 0.88 4.40
C 1780 Tr 0.22 Tr 0.34 1.30
C 18:0 8.12 9.22 15.70 6 .85 14.23
C 18:1 23.21 28.64 21.25 27.41 12 .87
C 18:2 14.19 16.00 20.03 23 .22 11.76
c 18 :3 Tr 1.09 1.01 0.94 6.05
C 20:0 Tr 1 .2 6 _d
V .
Tr
!
aanalyzed on chromatograph with thermal conductivity detector.
■u
first number designates carbon chain length; figure following colon 
indicates number of double bonds.
cTr = trace amounts.
= not detected.
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Appendix Table 6„ Relative percent fatty acid composition of Leptospira
pomona grown for 7-9 days in chemically-sterilized 
Stuart’s medium,3
Fatty
Acid
Total
Extract
Fractions
Phospho­
lipids
Free Fatty 
Acids
Triglyc­
erides
Sterol
Esters
C 12iOb 0.82 0 .6 6 0.78 0.45 O.76
c 13:0 Trc Tr Tr _d -
C 14:0 1.75 4.00 2.34 2.50 3.09
C 14 81 Tr 1 .6 2 1 .22 Tr 1.21
c 15:0 4.01 1.48 1 .10 1.08 0.84
C 16:0 36.75 38.41 33.09 43.82 43.91
c 16:1 4.60 7.71 7.87 4.14 7.36
c 16:2 1.96 1.27 1.70 1.45 1.31
c 17:0 1.32 0 .21 1.84 0 .5 6 0.17
C 18:0 7.91 9 .22 14.67 8 .6 0 8.80
C 18:1 28.11 25.63 24.87 29 .02 26.44
C 18:2 12.27 5.19 10.47 7.70 4.86
c 18:3 0.50 1.96 1 .12 0.44 0.34
C 20:0 Tr 2.64 0.60 0.25 0.92
aanalyzed on chromatograph with thermal conductivity detector.
1*1
first number designates carbon chain length; figure following colon 
indicates number of double bonds, '
cTr = trace amounts. 
= not detected.
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Appendix Table 7* Relative percent fatty acid composition of
Leptospira pomona grown for 7-9 days in albumin-
Tween 80 medium.a
Fatty
Acid
Total
Extract
Fractions
Phospho­
lipids
Free Fatty 
Acids
Triglyc­
erides
Sterol
Esters
C 9!0b 0.63 0.33 0.21
U Trd _e M 0.37
C 10:0 Tr 0.16 - - 1.54
U Tr Tr Tr — 0.09
U 0.13 Tr 0.28 Tr 0.88'
C 11:0 0.18 1.12 0.64 O.78 0.31
C 12:0 0.31 0.16 3.16 0.16 3.7^
U 0.53 Tr 1.10 0.31 5.09
U Tr - 1.19 - 1.11
C 13:0 0.48 0.71 1.39 1.33 5.31
U 0.55 2.28 0.47 Tr 8. 48
U O.63 Tr Tr
C 14:0 0.90 3.65 8.89 4.3 5 11.93
C 14 :l 0.65 ' 0.91 6.42 5.36 6.21
U Tr - 0.74 - Tr
C-15:0 0.88 0.86 O.76 3.79 5.72
U Tr - 0.75 6.02 3.67
C 16:0 19.60 21.59 17.35 12.39 13.88
C 16:1 11.90 9.2 6 1.36 8.4 7 7.13
C 16:2 4.16 3.97 3.92 3.89 0.70
U 0.80 0.53 3.40 2.58 —
c 17:0 0.53 0.69 2.65 2.00 4.74
U Tr — 1.42 Tr 4.01
C 18:0 3.83 3.95 Tr . 6.10 7.50
C 18:1 51.60 47.00 36.42 29.18 2.77
C 18:2 1.35 2.12 Tr 1.76 Tr
c 18:3 0.34 Tr 4.76 O.78 1.82
U Tr Tr 1.96 3.51 —
C 20:0 Tr Tr Tr 1.81 —
C 20:1 Tr
'
5.^5 2.80
aanalyzed on chromatograph with flame-ionization detector.
kfirst number designates length of carbon chain; figure following colon 
indicates number of double bonds.
CU = unidentified fatty acids listed in order of retention times.
^Tr = trace amounts.
e- = not detected.
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Appendix Table 8. • Relative fatty acid composition of Leptospira
icterohaemorrhagiae grown for 7-9 days in filtered
Stuart's medium,,a
Fatty
Acid
Total
Extract
Fractions
Phospho­
lipids
Free Fatty 
Acids
Triglyc­
erides
Sterol
•Esters
C ll:Ob 0.58 _e 3.90 2.37
U Trd -1 - 1.29 1.50
C 12:0 0o 55 0.34 2.51 1.48 1.02
U 0.42 0.15 - 0.47
U 0.30 . - 0.18 0.59 1.74
c 13:0 0.13 0.03 0.18 . 0.76 0.45
Uc 0.20 Tr 0.14 Tr 0.81
U 0.28 0.76 0.17 0.4 5 2.49 .
C 14:0 1.60 1.06 4,04 2.57 2.52
C 14 :l 1.01 0.40 I.67 1.07 2.88
U 3.46 2.65 1.51 0.64 4.22
c 15:0 O.65 0.42 2.71 1.30 2.10
U 1.79 1.25 1.69 1.01 1.79
U 0.86 Tr 1.62 — 4.74
c 16:0 23.94 27.73 21.58 20.46 8.94
c 16:1 7.90 13.18 7.33 3.22 4.73
U Tr u. Tr 1.49 -
c 16:2 1.46 2.54 2.86 2.33 5.50
c 17:0 1.19 1.32 2.43 1.39 0.97
U 0.47 0.41 1.08 0.65 O.83
U Tr Tr Tr • Tr 5.45
C 18:0 9.30 5.01 15.52 9.36 6.63
C 1S:1 ' 21.49 22.04 20.49 24.8 7 11.82
C 18:2 16.25 17.90 6.52 15.52 11.38
U Tr — 0.54 — Tr
c 18:3 0.45 0.34 0.24 0.44 Tr
U 0.33 Tr - -
C 20:0 0.30 0.21 0.49 0.31 4.61
C 20:1 0.58 0.37 0.39 0.73 Tr
U 0.22 0,46 Tr 2.03 -
U 1.11 0,20 2.99 1.69 Tr
U . 0.41 ' 0,99 0.48 Tr
C 22:0 1.55 0.27 0.66 0.44 2.79
U 1.22 Tr Tr
aanalyzed on chromatograph with flame-ionization detector,
kfirst number designates carbon chain length; figure following colon 
indicates number of double bonds.
CU = unidentified fatty acids listed in order of relative retention 
times.
dTr = trace amounts.
8- = not detected.
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Appendix Table 9« 'Relative percent fatty acid composition of Leptospira
icterohaemorrhagiae grown for 7-9 days in chemically-
sterilized Stuart's medium.3
Fatty
Acid
Total
Extract
Fractions
Phospho­
lipids
Free Fatty 
Acids
Triglyc­
erides
Sterol
Esters
C ll:Ob Trd 0.14 0.41 _e 2.18
Uc Tr 0.09 0.26 _ 1.11
C 12:0 1.62 0.05 1.00 2.89 0.74
U Tr 0.04 0.18 — 0.73
C 13:0 1.34 ' ' 0.02 0.22 0.75 0.30
U Tr 0.07 0.17 — 0.73
C 14:0 0.81 0.73 4.00 2.58 2.67
C 14 :l 1.09 0.47 1.84 1.00 2.40
U Tr 2.32 1.32 0.58 1.90
C 15:0 0.78 0.70 2n49 1.4 7 2.30
U Tr 0.72 1.09 1.12 2.42
U 1.66 0.14 Tr • Tr 1.52
C 16:0 17.70 15.87 29.95 22.06 15.59
C i6:l 8.12 16.20 10.35 6.97 11.53
C 16:2 3.04 3.92 1.21 2.13 1.91
C 17:0 0.81 1.00 1.65 2.10 2.08
U 1.76 0.53 1.35 1.76 2.43
C 18:0 10.51 8o57 14.37 12; 96 7.65
C 18:1 25.07 22.57 15.99 21.93 10.97
C 18:2 12.80 16.50 5.40 8.75 7.30
U Tr 0.13 0.12 Tr Tr
C 18:3 1.10 0.28 0.16 0.41 1.39
U Tr 0.04 Tr Tr 0.83
C 20:0 0.87 0.57 0.73 0.30 0.53
C 20:1 Tr 0.49 0.57 1.23 O.63
U Tr 0.22 Tr 4.00 Tr
U 2.62 0.64 2.16 4.75
C 20:4 Tr 0.44 0.22 0.60 0.31
C 22:0 1.79 0.75 0.93 0.53 1.93
C 22:1 0.61 — .Tr —
U Tr _ — _
C 24:0 5.90 4.73 1.85 3.90 7.20
C 24:1 Tr 2.62
aanalyzed on chromatograph with flame-ionization detector.
kfirst number designates carbon chain length; figure following colon 
indicates number of double bonds.
CU = unidentified fatty acids listed in order of relative retention 
times.
dTr = trace amounts.
e- = not detected.
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Appendix Table 10. Relative percent fatty acid composition of Leptospira
icterohaemorrhagiae grown for 7-9 days in albumin-
• Tween 80 medium.3
Fatty
Acid
Total
Extract
Fractions
Phospho­
lipids
Free Fatty 
Acids
Triglyc­
erides
Sterol
Esters
C ll:0b 0.03 0.08 1.04 1.04 0.88
Uc 0.09 Trd — — —
C 12:0 0.80 3.36 0.70 0.52 1.04
U 0.07 Tr 1.09 0.51 Tr
c 13:0 0.19 0.46 0.41 0.32 0.74
U 0.13 0.81 0.66 0.95 1.12
C 14:0 0.82 2.11 2.59 2.47 2.36
C 14 :l 1.70 2.98 1.50 2.78 2.30
U 0.37 _ 6 1.29 — —
U 1.44 — — Tr 0.66
c 15:0 0.79 1.49 . 1.24 1.22 1.82
U 0.23 Tr Tr 2.63 Tr
U 0.94 1.32 1.23 Tr 2.07
C 16:0 11.02 19.91 12.27 7.58 7.20
c 16:1 11.46 6.95 13.51 7.39 9.32
c 16:2 9.14 4.74 Tr 1.60 6.19
u 3.79 4.74 2.60 - 1.32
c 17:0 0.71 0.98 1.14 1.00 1.71
u 0.90 0.97 1.61 1.81 0.95
u Tr 0.67 0.70 2.33 1.53
C 18:0 2.70 3.31 9.51 8.20 7.52
C 18:1 49.01 38.48 42.21 29.91 16.49
U 0.93 1.13 - Tr 2.17
C 18:2 1.19 0.97 2.89 0.85 1.31
c 18:3 0.22 0.49 1.45 1.57 O.89
U 0.65 - 0.40 1.26 1.72
C 20:0 0.32 Tr — — 1.29
C 20:1 0.36 Tr Tr — 1.37
U Tr Tr Tr Tr
U Tr _ 24.67 26.02
C 20:4 0.50 Tr Tr
aanalyzed on chromatograph with flarae-ionisetion detector.
kfirst number designates carbon chain length; figure following colon 
designates number of double bonds.
CU = unidentified fatty acids listed in order of relative retention 
times.
d^r = trace amounts.
e- = not detected.
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Appendix Table 11. Relative percent composition of the identified fatty
acids of fresh Stuart's medium.3
Fatty
Acid
Total
Extract
Fractions
Phospho­
lipids
Free Fatty 
Acids
Triglyc­
erides
'Sterol 
Esters
C ll:Ob 0.30 0.04 0.02 0.03 0 .0 6
C 12:0 0.19 0 .03 0.34 0.05 0.08
C 13:0 0.02 0.02 0.03 0.01 0 .0 6
C 111-: 0 0.95 0.19 1.36 1.04 0 .5 2
C 14:1 0.08 0.12 0.28 0.15 0.11
c 15:0 0.46 0 .2  5 0.54 0.48 0.44
C 16:0 13.96 18.12 28.15 23.18 18.62
C 16:1 2.26 0.39 3.93 3.49 3.07
c 1 6 :2 0.28 0.08 Tr 0.31 0 .3 6
c 17 :0 0.89 0.84 0.88 0.25 0.68
C 18:0 12.52 23.98 9.02 5.91 3.28
C 18:1 21.87 11.21 24.52 32.77 21.15
C. 18:2 29.16 26.35 24.67 24.99 43.18
c 18 :3 2.21 O.67 4.18 2.52 2.25
C 20:0 0.14 0.2 6 0.10 0.12 _d
C 20:1 0.15 0.15 Tr 0.17 0.21
C 20:4 7.54 6.74 Tr 1.04 2.63
C 22:0 0.45 0.84 Tr Tr Tr
C 24:0 Trc O.65 Tr Tr 1.66
aanalyzed on chromatograph with flame-ionization detector.
kfirst number designates carbon chain length; figure following colon 
indicates number of double bonds.
cTr = trace amounts.
= not detected.
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Appendix Table 12. Relative percent composition of the identified fatty
acids of Stuart’s medium in which Leptospira 
canicola had been grown for 18 days.
Fatty
Acid
Total
Extract
Fractions
Phospho­
lipids
Free Fatty 
Acids
Triglyc­
erides
Sterol
Esters
C 11 0b 0.11 Tr 0.48 0 .3 6 0.92
C 12 0 0 .09 0.22 0.29 0.14 1.25
c 13 0 0.03 0.08 Tr 0.04 0.15
C 1*+ 0 0 .5 6 0.12 0.50 0.79 1.23
C 14 1 0.03 0 .15 0.21 0 .2  5 1.82
c 15 0 0 .60 0.2 6 0.44 0.51 1.00
C 16 0 20.80 16 .72 19.88 26.87 21.66
C 16 1 4.43 0.49 1.95 3.61 3.87
C 16 2 0.25 0.15 0.25 0.68 1.73
C 17 0 0 .62 0,80 0.75 0.9^ 1.22
C 18 0 3.80 24.60 10.41 7.23 8.02
C 18 1 29.29 13.93 28.11 29.35 18.48
C 18 2 30.58 26.51 25.99 23.06 19.20
C 18 3 2.90 0.35 2.14 2.60 1.22
C 20 0 0.09 0.31 0.15 0.02 0 .30
C 20 1 0.20 Tr 0 .30 0.08 Tr
C 20 4 3.04 6.60 3.58 0.71 3.40
C 22 0 0.06 O.67 0.37 0.12- 7.17
C 24 0 0.39 0.34 Tr 0.26 0.83
aanalyzed on chromatograph with flame-ionization detector.
y .
first number designates carbon chain length; figures following colon
indicate number of double bonds.
cTr = trace amounts.
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Appendix Table 13, Relative percent composition of the identified
fatty acid in fresh albumin-T-ween 80 medium.3
i'azzy
Acid
Total
Extract
Fractions
Phospho­
lipids
Free Fatty 
Acids
Triglyc­
erides
Sterol
Esters
C 11 :o"D 0.11 0.12 Trc 1.06 0.56
C 12:0 0,17 0.2*1 0.93 1.21 0.61
c 13:0 0,12 0.09 0.68 0.37 0.85
C l*+:0 1.97 2.33 0.47 2.20 2.90
C l*+:l 1 . 9*+ 1,98 1.60 1.26 1.1*+
c 15:0 0,26 0.25 1,2*+ 1.21 0.50
C 16:0 3 = 78 5.56 20.25 13.02 6.8 7
C 16:1 0.1 L / * - • 13.27 5.83 3.*i4 10.07
C 16:2 o,*+o 0,91 0.37 Tr 0.89
C 1?:0 1,30 0,2*+ 0.73 2.92 2. *+5
C 18:0 1.92 1.25 11.06 20.30 2.27
C 18:1 67=71 65.2*+ *+*+.*+0 5.33 56.*+!
C 18:2 2,67 1.82 6.51 2.15 1.37
c 18:3 1=1*+ 0.*+0 1.28 22.20 1.20
C 20:0 1.28 0.39 _d - -
C 20:1 1.39 0.22 — — —
sanslyzed on chromatograph with flame-ionization detector.
"Dfirst number designates carbon chain length; figure following colon 
indicates number of double bonds.
cTr = trace amounts, 
a- = not detected.
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Appendix Table 14. Relative percent composition of the identified
fatty acid in albumin-Tween 80 medium in which
Leptospira canicola was grown for 18 days.®
Z £ X*"
Acic
~S Total
Extract
Fractions
Phospho­
lipids
Free Fatty 
' Acids
Triglyc­
erides
Sterol
Esters
C 11 ob 0.34 0.10 0.54 1.41 1.20
C 12 0 0.14 0.16 0.45 2.89 1.78
c 13 0 0.11 0.28 0.38 2.63 1.85
c 14 0 1.39 1.38 1.09 3.78 2.66
C 14 1 0.64 1.54 2.19 2.49 3.46
o 15 0 0.53 0.44 0.61 2.4 7 3.19
c 16 0 6.37 6.15 8.92 11.92 11.83
u Id 1 7.81 6.85 9.24 7.50 10.21
C Id 2 0.90 1.20 1.31 1.97 1.71
C 17 0 0.67 0.89 1.55 6.51 1.17
C 18 0 3.34 2.66 4.80 10.73 9.07
C 18 1 68.31 66.23 53.80 20.22 14.51
C 18 2 2.11 2.04 2.33 3.23 4.02
C 18 3 0.39 0.40 0.40 1.30 3.67
C 20 0 1.23 1.31 1.29 Trc Tr
C 20 1 1.22 2.07 0.66 Tr . 3.63
“analyzed on chromatograph with flame-ionization detector.
4
first number designates carbon chain length; figure following colon
indicates number of double bonds.
cTr = trace amounts.
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